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CHEMISTEY. 


CHAPTER I. 

INTEODUCTICK 

1 . Chemistet teaches us the nature anu j)ropertie8 of 
the different substances of which the earth, the air, and 
the sea, as well as all animal and vegetable bodies, are 
composed. 

2. It also shows us the changes which these substances 
are continually undergoing; the manner in which such 
changes are produced ; and the laws by which they are 
regulated. 

3. All matter, by which is meant everything that occu- 
pies space, is composed of very minute particles or atoms, 
united together by an attractive force, termed attraction of 
cohesion. 

4. Attraction of cohesion is the power whereby particles 
of the name kind of matter are held together and united 
into a mass having the «ame properties as the particles of 
which it is formed. 

5. Thus, two drops either of water, oil, or quicksilver, 
when brought into contact, will run together into one 
mass ; but, however much these three substances may be 
shaken together, they will soon separate when left at rest. 

B 
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It it through this attraction of cohesion that a drop of 
inter is always spherical ; and that small particles of mer- 
enry are constantly of a globular figure. If a plate of glass 
be laid upon a globule of mercury, and loaded with weights, 
one after another, the mercury is pressed out into a thin 
layer ; but as soon as the weights are removed, its globular 
figure is restored. 

6. Matter exists in three different states, viz., solid, 
liquid, or aeriform. These different states, or, as they have 
been termed, physical conditions of matter, depend on 
the different degrees of cohesive force exerted between its 
particles. 

7. The force of cohesion in a substance increases in pro- 
portion as its particles are brought nearer together. 

8. The more firmly the particles of a body cohere, the 
harder it is. 

Hence, whatever brings the particles of a body dosei 
together, tends to harden it. 

9. Common clay is soft, plastic, and contains much 
moisture ; but when strongly heated, most of this moisture 
is driven out, and the particles of the clay are brought 
into closer contact. The mass thus becomes hard, as we 
find it in bricks, tiles, and earthenware. 

10. When the particles of which a body is composed 
cohere firmly, so as to resist impression, the body is 

aid to be in a solid state. 

“ The cohesive attraction which exists between the par- 
tikdes of a solid body may be measured by the weight ne- 
cessary to overcome it. Thus, if a rod of metal, glass, 
wood, &c., be suspended in a perpendicular direction, and 
weights attached to its lower extremity till the rod break, 
the whole weight thus attached is the measure of the co« 
hesiye force, or tenacity of the rod.” 

11. When the particles of which a body is composed do 
sot cohere firmly, but move freely in any direction among 
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themtelves, and hence yield to the slighiett impretsion, 
the body is said to be in a fluid state. 

12. Fluids may be divided into elastic and non-elastic 
fluids. They are also spoken of as compressible and in* 
compressible, 

13. Air, and all aeriform bodies, whether gases or va- 
pors, belong to the former class of elastic, compressible 
fluids. 

Note . — Aeriform means in the form of air. 

14. Water and all other liquids belong to the class of 
incompressible, non-elastic fluids. 

1 5. Strictly speaking, no known fluid is wholly incom- 
pressible and non-elastic, but all ordinary liquids are suf- 
ficiently nearly so, for us to regard them as such, without 
any sensible error. 

16. Matter exists in the liquid state when its particles 
cohere slightly, but not with sufficient force to prevent them 
separating by the influence of their weight alone. 

] 7. Matter exists in an aeriform state when the particles 
composing it have a mutual repulsion, in consequence of 
which it increases in volume or bulk unless restrained by 
some external pressure. 

18. Heat is the great antagonist to cohesion. As the 
latter draws the particles of matter together, so the former 
tends to drive them asunder. Hence the increase or di- 
mitiution of heat is the chief cause of the different states 
in which matter exists. 

19. When the cohesion between the particles of a body 
is strong, the body is a solid when the cohesion is neu* 

* Lavoisier thus explained solidity. “ The particles of all bodies 
may be considered as subject to the action of two opposite powers 
attraction and repulsion. So long as the attractive force remains the 
stronger, the body must remain in a state of solidity ; but if, on tlie 
contrary, heat has so far removed these particles from each otbar as to 
place them beyond the sphere of attraction, they loM the cofieaiu^ 
they before had, and the body ceases to exist in the solid state.'' 
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tralised» or, at least, very considerably weakened, by tbe 
influence of an increased temperature, the body becomes 
liquid ; and when by a still greater increase of heat the 
conesion is altogether destroyed, and the particles begin to 
repel each other, the body assumes the state of gas oi 
vapor, 

20. A gas is a permanently elastic fluid, not changeable 
into a liquid by the ordinary pressure and temperature of 
the atmosphere, as the air. 

21. A onpor is an elastic fluid which is changeable into 
a liquid by ordinary cold, as steam. 

22. The operation of changing the body from the aeri- 
form to the liquid state is termed condensation, 

23. It is to be observed that although some gases are 
permanently elastic under all the circumstances in which 
they have been experimented upon, yet the application of 
unusual pressure or extreme cold to other gases,* changes 
them into the liquid and even into the solid state. 

24. Many substances are capable of appearing under all 
three forms of matter. 

Of this water aflbrds a familiar illustration ; for it is 
solid, in the form of ice ; liquid, as water ; and in an 
aeriform state, when converted into steam, or vapor. 

25. Mercury presents another example ; it is liquid at 

ordinary temperatures, but if cooled to 39° below 0° of 
Fahrenheit’s thermometer, it becomes solid ; on the other 
hand, if it be heated to 662° it or becomes con- 

verted into vapor, 

26. Other bodies cannot be made to present such 
changes, and hence appear only under two forms. Iron, 

a If the strict distinction between a gas and a vapor, namely, that 
u gas eanaot be condensed while a vapor can, is to be rigidly observed, 
these bodies, usually termed gases, must be termed vapors, and their 
aumber will probalUy be increased as more powerful modes of con- 
-jnsatloa are discovered. 
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for example; though capable of being melted; and thoa 
taking the liquid form, has ndver been exhibited in the 
atate of vapor. Ether, on the other hand, though a liquid 
which readily evaporates, has not yet been solidified or 
frozen. 

27 . It is, however, believed, that it would be possible to 
cause all substances to assume the tliree physical condi- 
tions of matter, by the action of greater heat or cold than 
can be at present produced, provided such substances are 
not destroyed,* or, more strictly speaking, decomposed by 
the increase or diminution of temperature. 

28. All bodies, whether solid, liquid, or aeriform, are 
divided by the chemist into two classes, simple and com- 
pound, 

29. Simple bodies are such as cannot be separated into 
parts having diflferent properties. 

30. Compound bodies being made up of simple bodies, 
can be decomposed or divided into their elementary or 
component parts. 

31. ** Thus brass is a compound body, and may be 
shown to consist of copper and zinc ; but neither copper 
nor zinc can be separated into any other substances : they 
may be ground, crushed, melted, dissolved, over and over 
again, but the copper can only be made to yield copper, 
and the zinc, zinc.” These two metals are therefore 
termed simple bodies or elements. 

32. It is not meant to be said that all the bodies now 
called elements are really so, but only, that up to the 
present time, they have resisted every effort to decompose 
them. 

* “ It is a fundamental principle of all physical knowledge, that we 

can neither create anything, nor destroy anything. We may chan^ 
tlc^ fashion and properties of things ; hut to form new laws of combi 
nation, or new species of matter, belongs to the Craator alone. 
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S3. Fire, air, earth, and water, were for ages regarded ae 
riementa : but modern science has proved the latter three 
to be compounds, and the first to be an effect of intense 
chemical action. 

34. The decomposition or talcing to pieces of a com* 
pound body, in order to discover its constituent elements, 
is called Analysis^ from two Greek words, one, thoroughly, 
and lutisy a loosening. 

35. The formation of a compound by putting liigirtlMii 
the elements of which it is composed, is termed Synthesis, 
also from two Greek words, sun, together, and thesis, a 
placing. 

36. The elements are not all of equal importance, for 
some are found only in very minute quantities in a few 
scarce minerals, while others are continually occurring in 
various combinations, to form the atmosphere, and the 
ocean, together with the great rocky masses of the earth’s 
crust, and the organized bodies which live upon its 
surface. 

37. By Organized bodies, we mean animals and plants, 
which live and grow by the help of what are called Organs, 
or leaves, roots, lungs, heart, stomach, &c. 

38. The products formed by these Organs, such as sap, 
sugar, starch, gum, blood, &c., are termed organic sub- 
stances ; and hence the chemistry of plants and animals is 
called Organic Chemistry. 

39. Air, water, and minerals, on the other hand, are 
neither produced, nor continued in being, by means of 
organs ; they are therefore called inorganic bodies, and the 
branch ot chemistry relating to them is termed Inorganie 
Chemistry^ 

EXERCISES ON CHAPTER I, 

1. Whtt docs Chtraistry teach us P 

2. Of what changes, &c., does it treat f 

8. Of what is matter composed ? 

4. What is attraction of cohesion P 
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5. Give Illustrations of the attraction of cohesion. 

6. Name the different states of matter, and on what they depend. 

7. When does the cohesive force between the particles of a body 

increase ? 

8. When is one body harder than another ? 

9. Shew how clay is hardened by burning. 

10. When is a body in a solid state ^ 

11. When is a body in a fluid state? 

12. How may fluids be arranged ? 

13. What bodies belong to the class of elastic fluids ? 

14. To which class do all liquids belong } 

15. Why is this arrangement of fluids not strictly correct? 

16. When is a body in a liquid state ? 

17. When does matter exist in an aSriform state ? 

18. How is heat the antagonist of cohesion ? 

19. How are the physical conditions of matter influenced by 

temperature ^ 

20. What is a gas ? 

21. Define a vapor. 

22. What is meant by condensation ? 

23. What are the chief agents in condensing afenform bodies } 

24. Many substances are capable of appearing under all ihice con- 
ditions of matter. Give a familiar example. 

25. How does mercury illustrate the same fact ? 

26. Give examples of bodies capable of appearing under only two 
forms. 

27. What is believed in reference to bodies which appear under only 
two forms P 

28. How are all bodies arranged by the chemist ? 

29. What is a Simple body or Element ? 

30. What is a Compound body ? 

.31. Give an example of a simple and of a compound body 

32. With what limitation is the word Element to be used } 

33. Why do we no longer regard the ancient division of matter into 
four elements r 

34. What is Analysis P 

35. What is Synthesis ? 

36. Why are some of the elements more important than others ? 

37. What is meant by Organized bodies ? 

38. What is Organic Chemistry ? Name some organic products 

39. What is Inorganic Chemistry ? Why are some bodies ten. 
inorganic bodies ? Give examples. 
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CHAPTER 11. 

CHEMICAL EOMENCLATUEB, KOTATIOK, AND STMBOLfl. 

1. The elementary substances at present known are 
aixty-five in number, and may be conveniently arranged in 
two groups. 

2. The first group comprises thirteen substances, which 
have been termed Non-metallic elements or Metalloids. 

3. The second group includes the remaining fifty-two 
bodies which are known as Metals. Several of these are 
of very recent discovery, and their properties are as yet 
very imperfectly understood. 

4. The following is an alphabetical list of the elements 
in each group, with the letters or symbols by which, for 
the sake of convenience, they are usually distinguished.’*^ 

5. The symbol of each element consists of the first letter 
of its name, in Capital. When the names of several ele- 
ments begin alike, the single capital is reserved for the 
first discovered, or more important element ; the others 
being designated by their initial letter conjoined with a 
smaU one, usually the most characteristic in the word.f 

6. The names of the elements (with the exception of the 
common metals and one or two others) are generally ex- 
pressive of some leading property. Thus, chlorine J takes 
ns name from its greenish colour, and iodine from its violet 
vapor. All the recently-discovered metals end in urn. 

* The most important have been printed in black type, and those 
of rare occurrence in itaUe$, 

f Sometimes the symbol is derived from a Latin name, having an 
initial difieient from that of its ordinary name. In such coses, the 
name has been given in parentheses. 

t Chlorine, from greenish yellow; iodine, from ioi'« a 
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TxBLK or Er.rHEKTi.BT SUBSTiKOEB. 


EQXnTALXKT 

POWEB. 

Nahbs of the 
Elements. 

SYMBOLS. 

OOMBIKIEa 

NUMBEBS. 

Monatomic . . 

Metalloids. 

Bromine 

Br. 

80 

>» 

{Chlorine 

Cl. 

86.6 

9f 

Fluorine 

p. 

19 

99 

Hydrogen .. 

H. 

1 

99 

Iodine 

I. 

127 

Diatomic 

Oxygen 

0. 

16 

» • • 

Selenium . . . . 

Se. 

79.5 

99 • • 

Sniphnr 

S. 

32 

Triatomic . . 

Boron 

B. 

11 

99 • • 

Nitrogen 

N. 

14, 

99 

Fhospnoms . . . . 

P. 

81 

Tetratomic . . 

Carbon 

c. 

12 

99 

Silicon 

Si. 

28 

Monatomic . . 

Metals. 

Ccesium 

Cs. 

138 

99 • • 

Lithium 

Li. 

7 

99 

Potassium (Kalium) . . 

K. 

89.1 

99 • • 

Bubidium 

■ Rb. 

86.4, 

99 • • 

Silver (Argentum) 

Ag. 

108 

99 

Sodium (Natrium) 

Na. 

23 

99 • • 

Thallium 

Tl. 

204, 

Diatomic . . 

Barium 

Bn. 

137 

99 

Cadmium 

Cd. 

112 

99 • • 

Calcium 

Ca. 

40 

99 • • 

Cerium 

Ce. 

92 

99 • • 

Chromium 

Cr. 

62.6 

>» • • 

Cobalt 

Co. 

69 

^ • • 

1 Copper 

Cu. 

63.6 

M • • 

Bidymium 

Di. 

90 
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Table ob Elemebta^y Substafceb— confinicerf. 


Equitilekt 

POWEB. 

Names of the 
Elements. 

SYMBOLS. 

ooMBnmra 

N17MBIBB. 

Difttomic 

Glncinum 

G. 

14 

ft 

Iron 

Fe. 

56 

ff 

Lanthanum 

Ln. 

92.8 

ft 

Lead 

Pb. 

207 

j* 

Magnesium 

Mg. 

24i 

>» 

Manganese 

Mn. 

55 

ff • • 

Mercury (Hydrargyrum) 

' Hg. 

200 

ft 

Nickel 

Ni. 

59 

9f 

Palladium 

Pd. 

106.5 

ft 

Strontium 

Sr. 

87.5 

ft 

Tellurium 

Te. 

129 

ft 

Thorium 

Th. 

119 

it 

Uranium 

U. I 

120 

ft • • 

Zinc 

Zn. 

65.2 

Triatomic . . 

Aluminum 

Al. 

27.4 

99 

Antimony (Stibium) . . 

! Sb. 

122 

ff ’ * 

Arsenic 

As. 

75 

99 

Bismuth 

Bi. 

210 

9f 

Oold (Aurum) . . 

Au. 

197 

99 • • 

Rhodium 

R. 

104.2 

Tetimtomic . . 

Niobium 

Nb. 

97.5 

ff ■ * 

Platinum 

Pt. 

197.5 

tf 

Tantalum 

Ta. 

137.6 

ft 

Tin (Stannum) . . 

Sn. 

118 

ft • • 

Titanium 

Ti. 

50 

* • 

Zirconium 

Zr. 

89.6 

Undetermined 

Erbium 

E. 

? 

tt 

Indium 

In. 

71.8 

ft 

Iridium 

It. 

198 

ff 

Molybdenum 

Mo. 

96 

9f 

Norium 

No. 

? 

If 

Osmium 

Os. 

199 


Ruthenium | 

Rtt. 

104.2 





< 7 HMICiX irOMEKCLA.TXrBB, KOT/LTIOK, AHD SYMBOLS. 11 


Table pr Elementary Substances — continued. 


BQtnVALENT 

Power. 

Names or the 
Elements. 

SYMBOLS. 

OOMBININQ 

NtMBBBS. 

Undetermined 

Terbium 

Tb. 

T 


Tungsten (Wolframium) 

w. 

184 


Vanadium 

V. 

137.2 

)> 

Yttrium 

Y. 

68 


7. All the eleraementary bodies may be regarded as 
made up of small parttclea or atoms, differing from each 
other in weight. 

8. The atom is to be regarded as incapable of existing 
in a separate state, so that whenever a substance is spoken 
of as uncombined, or in a free state, a double atom, or mole- 
cule, is intended. 

Thus, though one atom of Chlorine (Cl) may unite with one 
atom of Sodium (Na) to form Chloride of Sodium (NaOl), or 
common salt, Chlorine when spoken of as in a free state, is to be 
treated as a molecule or double atom (CICI). 

Similarly, free Hydrogen will be symbolized, as HH ; free Oxy- 
gen as 00 ; and so on. 

9. The numbers in the fourth column of the preceding 
table, represent the proportions by weight in which the 
different elements combine with each other, and are, there- 
fore, termed Combining proportions, or Combining weights, 

10. As these numbers are considered to represent the 
proportionate weights of an atom, or equal volume of each 
element, they have been also termed Atomic weights. 

The term equivalent was, till lately, used as synonymous with 
atomic weight or combining proportion, as it was believed that 
bodies replaced each other in chemical combinations in the propor- 
tion of their atomic weights. (Chap. xvil. § 3.) 

11. Hydrogen being the lightest of the elements, is 
taken as the standard of weight and volume, and all other 
elements are compared with it. 







12 


OHSHISTBT. 


12. Since a given volume of Oxygen is 16 timet at 
heavy at an eqiial volume of Hydrogen, the atomic 
Weights, or combining proportions, of Oxygen and Hydro- 
gen are taken respectively as 16 and 1. 

Similarly, ainoe Chlorine is 85 J times as heary as an equal voluma 
of Hydrogen — Nitrogen, 14 times — Carbon vapour 12 times — Sul- 
phur vapour (at 190^° R], 32 times— the numbers 35.5, 14, 12, 32 
are taken as the atomic weights or combining proportions of Chlo- 
rine, Nitrogen, Carbon and Sulphur, respectively, 

13. The volume or space which the combining weight of 
a gas occupies, is called the Atomic^ or Combining Volume^ 
of that gas. (Chap. ix. § 17» &c.) 

14. The symbol of each element is a short way of 
writing its name, and represents one atom or combining 
proportion of it. 

15. The symbol of a compound is formed by writing 
together the symbols of the elements which compose it. 

16. The combining weight of a compound is obtained 
by adding together the combining weights of its compo- 
nent parts ; thus : — 

Common Salt, or NaCl = 58.5 ; for Na + Cl == 23 -i- 35.6 = 58.5. 
Cauitio Potass, or KHO = 66.1 ; for K + H + 0 = 3y.l + 1 + 16 = 
66 . 1 . 

doiok lime, or CaO = 56 ; for Ca-h O = 40 + 16 = 56. 

Vermilion, or HgS = 232 ; for Hg + S = 200 + 32 232. 

17. If, in writing the symbol of n compound body, 
more than one atom of an element has to be expressed, it 
is done by placing a small figure to the right of and below 
the symbol; thus; — 

Water, orH20 = 18; for 2H+0 = 2 + 16 == 18. 

Chalk, or CaCOs = 100; for Ca + C + 30 = 40 + 12 + 48 = 100. 
Saltpetre, or KNOs —101.1 ; for K + N + 30=39.1 + 14 + 48=101.1. 
8 iilp|Mlxlo Acid, or H 2 SO 4 = 98 ; for 2 H + 8 + 40 = 2 + 32 + 64 = 98. 
Innar^eanstio, or AgNO* = 170; for Ag+N + 30 = 108 + 14+48 
=:17a 



CUKMICjIL HOMIKCLATUEE, NOTJLTIOK, SYMBOLS. 18 


18. A large figure placed to the left of a group of two 
or more symbols, multiplies all the symbols which follow it, 
so far as the first comma, full stop, or sign of addition ; 
thus 

3 H ?0 or 3(H20) means 3 atoms of water, or HjO + H-O + H^O, 
=s 6II + 80 . 

2 EN 03 or 2(KNOs) means 2 atoms of nitrate of potassium, or 
saltpetre, or KNO3 + KNO3 = 2K + 2N + 60 . 

Sugar of Lead is composed of 1 atom of lead and 2 atoms of 
aoetic acid, and may be expressed by 

Pb 2 (C 2 H 302 ), i.e. Pb + 4 C + 6H 4 - 40 . 

19. Combination between bodies themselves compound 
is often indicated by a comma or sign of addition placed 
between them ; thus : — 

Red Lead may be written 2 PbO, PbOj, or more strictly, Pb804. 

Common Alum, AI23SO4, K2SO4 + 24H2O. 

Malachite, CuO, H2O + CuCOs. 

20. A collection of chemical symbols like the foregoing 
examples, is called a formula ; and such a formula may be 
either empirical or rational. 

21. An empirical formula is a simple enumeration of 
the elements composing a compound body, and the pro- 
portions in which they occur. 

22. A rational formula attempts to show by the partic- 
ular arrangement of the symbols, the mode in which the 
body is believed to be composed. 

Thus, the enmiric formula for slaked lime is CaH^Oe, but the ra- 
tional formula CaO, H-O shows that it consists of Lime (CaO), and 
Water (H2O), and that it is a Hydrate of Lime. 

Again, the empiric formula for Red Lead is Pb304, for it consists 
of 8 atoms of Lead and 4 of Oxygen ; but a rational formula for it 
would be ( 2 PbO, PbOj), which expresses that it consists of 1 atoms 
of the protoxide of lead combined with 1 atom of the peroxide. 

N.B.— A body can have but one empirical formula, but 
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it may be represented by various rational formtilse aeeord* 
ing to the different ideas entertained as to the arrangement 
of its component parts. 

EXERCISES ON CHAPTER II. 

1. How many elements are there, and how may they be smmged f 

2. 'What elements form the group of metalloids ? 

3. What elements are included in the second group ? 

4. W^hat is meant by the letters in the second column of the list ? 

5. How are the symbols formed, and from what are they sometimes 
derived ? 

6. How do you account for the names of some of the elements ? 

7. Of what do the elementary bodies consist ? 

8. What is meant by a molecule of a body ? 

9. What is meant by combining proportions or weights t 

10. Why are these numbers called atomic weights t 

11. What element is taken as the standard of weight and volnme ? 

12. How are the atomic weights, or combining proportions ascer- 
tained 

13. What is meant by the atomic Tolume of a gaseous body ? 

14. What does the symbol of each element mean ? 

15. How is the symbol of a compound body written ? 

10. How is the combining weight of a compound found ? 
ly. How is more than one atom to be expressed ? 

18. What effect has a figure to the left of a group of symbols ? 

19. How is combination between compounds sometimes indicated 1 

20. What is a chemical formula? 

21. What is meant by an ** empiric formula’* ? 

22. When ia a formula said to be ** ratioaii ** i 
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CHAPTER III. 

GH£MIOA?« AFFINITT. 

1. The sixty-five elementfc Enumerated in the preceding 
chapter have been called the Alphabet of the Science of 
Chemistry, for as the letters of the alphabet may be joined 
together to form words, so these elements may be united 
to form compounds. (Synthesis.) 

2. Each word in a language is made up of two or more 
letters, into which it can be separated; (Analysis); but 
the letters themselves cannot be divided, (Elements.) 

3. Some letters occur more frequently than others ; for 
instance, we find one or more of the vowels, a, e, i, o, u, 
and y, in every word ; while the consonants, j, q, x, and z, 
are seldom met with. So it is with the chemical elements ; 
for Oxygen, Hydrogen, Nitrogen, Carbon, and a few more, 
are found in a large number of compounds ; whilst Sele- 
nium, Cerium, Titanium, &c., occur but rarely. 

4. The power or force by which elementary bodies are 
united in order to form compounds, is termed Chemical 
attraction, or affinity, 

5. Chemical affinity may be defined as, that power by 
which particles of different kinds of matter combine to 
form a compound always possessing some properties very 
different from those of its component elements, 

6. Chemical affinity differs from the attraction of gravi- 
tation, in not acting on masses of matter at sensible dis- 
tances, but only on the particles of matter in close contact, 

7. Chemical affinity differs from the attraction of cohesion 
in uniting particles of different kinds of matter, while the 
attraction of cohesion keeps together only particles of the 
same kind. 

^ Although none but dissimilar bodies unite by chemical 
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affinity, mere dissimilarity will not of itself ensure ui 
thus, sand and sawdust^ salt and sugar, oil and ^ 
though very different bodies, cannot be made to u 
hence, they are said to have no affinity for each other. 

9. Bodies which have no affinity for each other mi 
mixed together, but their mixture is merely mechanical 
no change of properties takes place* 

Ex, a , — Put into a glass some oil and water ; however much 
may be stirred or shaken together, the mixture will be simply nu 
iralf as ^dl be evident by their soon separating when the i^ii 
ceases, the oil floating on the top of the water as at first. 

Ex. a.*— Add to the oil and water a little pearlash or soda, sti 
mixture as before, and the three will unite chemically, forming ; 
lution of soap. 

Ex» e. — To the solution thus formed add a little diluted sulp 
acid. The acid will decompose the soap, and unite with the pea 
or the soda, while the separated oil will dnce more float on the su 
of the liquid. 

10. From the last experiment we learn that chemical 
traction acts among different bodies with different deg 
of force, 

11. The simplest cases of chemical affinity are thos 
which two elements unite to form a binary compound : 1 
is, one which contains only two different kinds of matte 

Ex» d , — Cut two or three small pieces of phosphorus (P), place t 
on a tile or plate, and when dry throw a littlq iodine (I) upon tl 
The two elements will combine, heat will be given out, part of 
phosphorus will be inflamed, part of the iodine will go off in vap 
and the remainder will form iodide of phosphorus. (Pis) * 

Ex. e. — Rub together in a mortar, for some time, two parts 
weight of sulphur (S) and one of mercury (Hg). The yellow co 
of the one, and the brilliant metallic lustre of the other, will dii 
pear ; the two elements having combined to form a black powder ( 
phnret of mercury) formerly called i£tbiops mineral (Hg S.) 

If the sulphur be melted in a ladle and the mercury added, the si 
black substance will be formed, only in less time. 

Em ,/, — Mix together some tinfoil and a j^obule or two of mCrci 
The two metallic elements will unite and fordi a pasty mass or amalgi 

iP r * V ^ whi<*li is »t the ©f • loo'^'n^-'^l^ss." 
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12. The power by which two elemenU combine has beer 
termed Simple or Single Afdnity; the same power ma^i 
also be exerted between two compounds, and in exceptiona' 
vases, between an elementary and a compound substance. 

Thus sulphur (S) and iron (Fe), each an element, readily 
unite, when heated, forming sulpliuret of iron, Fe S 5 
sulphuric acid (H2SO4) and oxide of iron (Fe 0), each a 
compound body, combine with ease to form sulphate of 
Iron (Fe SO4) : — but the simple body, sulphur, does not 
combine with the compound, oxide of iron, neither does 
pure iron unite with sulphuric acid. 

13. Hence the important rule which holds good, in inor- 
ganic chemistry, with but few exceptions, that elements 
combine only with elements, and compounds only with com- 
pounds, 

14. It not unfrequently happens that when two com- 
pound bodies are mixed together, each is decomposed, and 
two new compounds are formed totally distinct from the 
fqrmer. This has been termed Double decomposition. 

Ex. g. — Into a solution of acetate of lead, consisting of acetic acid 
and oxide of lead, pour some solution of chromate of potassium, which 
consists of chromic acid and potassium. A beautiful yellow powder will 
be formed, which is chromate of lead or chiouie yellow, while acetate 
of potassium will remain in solution. 

Here we have an interchange of the const' aent parts of the two 
solutions, as shown in the following diagram 

Acetate of Potassiu n. 

> 

Potassium. 

Chromic Acid. 


Chromate of Lead. 

The same decomposition may be thus expressed by symbols : — - 

Pb A,-f K,Cr O4 -= 2KA-f Pb Cr O4. 

Ex. h. — Into a solution of chloride of mercury pour some solutioi 
9i iodide of potassium ; a beautiful vermilion precipitate is obtained 

c 


Chromate 

of 

Potassiim 
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affinity, mere dissimilarity will not of itself ensure union : 
thus, sand and sawdust^ salt and sugar, oil and ^ water, 
though very different bodies, cannot be made to unite ; 
hence, they are said to have no affinity for each other. 

9. Bodies which have no affinity for each other may be 
mixed together, but their mixture is merely mechanical, and 
no change of properties takes place* 

Ex, a . — Put into a glass some oil and water ; however much they 
may be stirred or shaken together, the mixture will be bimply tnecAais* 
icalf as will be evident by their soon separating when the agitation 
ceases, the oil floating on the top of the water as at first. 

Ex. h , — Add to the oil and water a little pearlash or soda, stir the 
mixture as before, and the three will unite chemically, forming a so- 
lution of soap. 

Ex, e, — To the solution thus formed add a little diluted sulphuric 
acid. The acid will decompose the soap, and unite with the pearlash 
or the soda, while the separated oil will Once more float on the surface 
of the liquid. 

10. From the last experiment we learn that chemical at- 
traction acts among different bodies with different degrees 
of force. 

1 1 . The simplest cases of chemical affinity are those in 
which two elements unite to form a binary compound : that 
is, one which contains only two different kinds of matter. 

Ex* d.— Cut two or three small pieces of phosphorus (P), place them 
on a tile or plate, and when dry throw a little iodine (I) upon them. 
The two elements will combine, heat will be given out, part of the 
phosphorus will be inflamed, part of the iodine will go off in vapour, 
and the remainder will form iodide of phosphorus. (Pis) . 

Ex, e. — Rub together in a mortar, for some time, two parts by 
weight of sulphur (S) and one of mercury (Hg). The yellow colour 
of the one, and the brilliant metallic lustre of the other, will disap- 
pear ; the two elements having combined to form a black powder (sul- 
phuret of mercury) formerly called iEthiops mineral (Hg SO 

If the sulphur be melted in a ladle and the mercury added, the same 
black substance will be formed, only in less time. 

Sit ,/, — Mix together some tinfoil and a gjlohule or two of mercury. 
The two metallic elements will unite and for^ a pasty mass or amalgam, 
similar to that which is at the back of a looking-glass.* 
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12. The power by which two elementa combine has beett 
termed Simple or Single AiEnity^ the §ame power may 
nlso be exerted between two compounds, and in exceptional 
cases, between an elementary and a compound substance. 

Thus sulphur (S) and iron (Fe), each an element, readily 
unite, when heated, forming sulphuret of iron, Fe S 5 
sulphuric acid (H 2 SO 4 ) and oxide of iron (Fe 0), each a 
compound body, combine with ease to form sulphate of 
Iron (Fe SO 4 ) : — but the simple body, sulphur, does not 
combine with the compound, oxide of iron, neither does 
pure iron unite with sulphuric acid. 

13. Hence the important rule which holds good, in inor- 
ganic chemistry, with but few exceptions, that elements 
combine only with elements, and compounds only with com- 
pounds, 

14. It not unfrequently happens that when two com- 
pound bodies are mixed together, each is decomposed, and 
two new compounds are formed totally distinct from the 
fprmer. This has been termed Double decomposition. 

Ex, g, — Into a solution of acetate of lead, consisting of acetic acid 
and oxide of lead, pour some solution of chromate of potassium, which 
consists of chromic acid and potassium, A beautiful yellow powder will 
be formed, which is chromate of lead or chrome yellow, while acetate 
of potassium will remain in solution. 

Here we have an ijiterchange of the const’ aent parts of the two 
solutions, as shown in the following diagram 

Acetate of Potassiu/i, 

Acetate f' Acetic Acid. Potassium. 1 Chroma*® 

of < r 

Lead. L Potasainm. 

Chromate of Lead. 

The same decomposition may be thus expressed by symbols : — 

Pb A, 4 -K>Cr O 4 2KA-|-Pb Cr O 4 . 

la, k , — ^Into a solution of chloride of mercury pour some solution 

iodide of potassium ; a beautiful vermilion precipitate is obtained. 

c 
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Tbe chlorine of the chloride of mercury has united with the potaninm 
of ihe iodide of potassium, while the iodine has combined with the 
mercury, forming the beautifully coloured iodide of mercury. 


Chloride of Potassium. 


Iodide 
of - 
Potassium. 


Potassium. Chlorine, 

Iodine. Mercury. 


Iodide of Mercury. 

Or symbolically, thus : — 


Chloride 

of 

Mercury. 


2Kl-f HgCl, = 2KC1 +HgI,. 

15. From the foregoing experiments, it will be seen 
that chemical affinity alters not merely the nature of bodies, 
but also their form and color. It likewise produces change 
of temperature, of volume, of taste, of smell. 

Ex. i . — Put a drop or two of hydrochloric acid (HCl) into a small 
glass jar or wine-glass, and a drop or two of ammonia (NHa) int: 
another; invert one glass over the other, the two invisible gases 
emitted will unite, forming white fumes of chloride of ammonium, 
which will in a little time settle on the sides of the glass in a solid form. 
Thus two gases form a solid. 

Ex, k . — Put a little hydrochloric acid (HCl) into a glass, and a few 
small pieces of chalk (CaCOs). A brisk effervescence ensues, for a 
port'.on of the solid chalk (CO,) passes off in the form of a gas. 

Thus chemical affinity has power to change a solid into a gas. 

Ex. /.—Pour into another glass some of the solution formed in the 
last experiment,— chloride of calcium (CaCla)— and add a few drops 
of sulphuric acid (HjSO^) ; a white solid is produced, which is sul- 
phate of calcium, — plaster of Paris, or gypsum (CaSO^. 

Here we see two liquids have formed a solid. 

yK^***;"*^* ® mortar equal weights of sulphate of sodium 

(Na^SOJ ind nitrate of ammonium (NH4NO3). These two solid 
substances will, when rubbed together, gradually become fluid. 

Ex. n.— Dissolve some loaf sugar in a very small quantity of hot 
water, so as to make a thick syrup, leaving some undissolved sugar at 
the bottom of the glass, which should be a somewhat tall one ; add 
tome tinmy sulphuric acid : the su^ will become black, being rapidly 
converted into charcoal. Sugar is composed of charcoal or carbon 
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tnd the elements of water ; the strong acid unites with the water, and 
sets free a sufficient amount of heat to evaporate it, while the carbon 
is left behind. 

In this experiment we have, first, a change of temperature ; secondly, 
a liquid converted into vapor ; and, thirdly, a liquid changed into a 
solid. 

16. There are several causes which control chemical 
affinity, such as cohesion, heat, light, electricity, &c. 

17. Since chemical affinity acts upon particles of different 
kinds of matter in close contact, the force of cohesion which 
unites particles of the same kind in masses, must be a hin- 
drance to chemical action. Solid substances, even when 
finely powdered and mixed, very seldom combine chemi- 
cally. Cohesion must, in most cases, be first overcome by 
dissolving one or both of the solids in a liquid, so that when 
the solutions are mixed, the particles may be brought into 
immediate contact. 

Ex. 0, — Mix together some tartaric acid and carbonate of soda 
(NajCO^), both quite dry^ no action will ensue ; put some of the mix- 
ture into a glass of water, and effervescence arises immediately through 
the decomposition of the soda compound, and the escape of carbonic 
acid gas (CO2). 

18. Heat is generally the great opponent of affinity ; since 
the latter draws the particles of matter together, while heat 
tends to drive them asunder, and by thus separating them 
from each other, often weakens and destroys their chemical 
union. 

19. When the affinities which hold together the compo- 
nent elements of a compound body, have been destroyed 
by the application of a given degree of heat, other affinities 
come into action, and the elements arrange themselves into 
new combinations. 

Thus all organic substances, as, wood, oil, tallow, &c., 
nre decomposed by heat ; but at the same time other com- 
pounds are formed, for no particle of matter can be de- 
stroyed, 

20. Heat, by melting solid substances, and thus bring- 
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ing them into a liquid state, not uufrequently promotes 
chemical union. 

Thus soda and sand may be mixed together without com- 
bining •, but if the mixture be exposed to a red heat, it fuses, 
and then the sand and soda unite, forming a transparent 
glass. 

21. Light has a powerful influence on the affinities 
between certain bodies. Hydrogen and chlorine gases will 
not unite if mixed together in the dark ; but if brought into 
the sunshine they combine with explosion. 

22. All photographic processes depend upon the chem- 
ical action exerted by certain of the rays of light upon 
various substances (generally compounds of silver) spread 
upon paper, glass, &c. 

23. Electricity greatly influences affinity ; indeed it has, 
by many persons, been supposed to be the foundation of 
all chemical action. Electrical currents from the galvanic 
battery are among the most powerful means of producing 
chemical decomposition, 

Ev.p . — When two slips of platinum foil are dipped into a glass of 
water, to which a little sulphuric acid has been added, to make it a 
better conductor, and the slips connected by wires with the ends of a 
galvanic battery in action, the water is decomposed, bubbles of oxygen 
appearing at one slip (the positive), and hydrogen at the other (the 
negative), in the proportions of one, by measure, of the former gas to 
two of the latter. 

24. Electro-plating, electro-gilding, and the electrotype 
process, are practical applications of the principle of chem- 
ical decomposition by the galvanic current. 

25. Elements presented to each other in what is termed 
the nascent* state, that is, at the moment they are set free 
from their previous combinations, often enter into new com- 
binations which cannot be formed under other circum- 
stances. 

Thus hydrogen and nitrogen will not unite, though min 
* JVotcaif, from nasci, to be born. 
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gled ia the same vessel ; but wlieu these two gases are 
liberated together, by the decomposition of animal and 
vegetable matter, as in a manure heap, they readily com- 
bine to form ammonia (NH3). 

26. Sometimes a body by its mere 'presence or contact, 
induces changes in another, without itself undergoing any 
change. peculiar action has been called catalysis,* or 
presence^action. The reasons for it are not fully understood. 

Thus In preparing oxygen from a mixture of chlorate of 
potass and manganese, the manganese suffers no change, 
and yet the gas is obtained much more easily than from the 
chlorate of potass alone. 

Ex. q . — Mix a little starch with hot water, it will form a gelatinous 
or jelly-like mass, as used by laundresses. If some of this gelatinous 
starch be mixed in an evaporating basin with dilute sulphuric acid, 
and the mixture kept (by means of a lamp) almost at the boiling point 
for a few minutes, it will change into a semitransparent liquid. Now 
remove the lamp and neutralize the acid by stirring in some powdered 
chalk till all effervescence ceases; filter the liquid and evaporate. The 
starch has been changed into a kind of gum. This starch-gum is 
called dextrine. 

If the starch and acid be boiled for some time, instead of only 
simmering, and the acid neutralized as before ; on filtering and evapo- 
rating the liquid, a mass of sugar (grape sugar) will be formed. No 
portion of the sulphuric acid has been decomposed, neither has it 
suffered any gain or loss, for the sulphate of lime formed contains just 
as much acid as was originally employed. 

27. Chemical affinity is governed by certain general laws, 
the first of which is, that all cheynical combination takes 
place in fixed, unchangeable proportions of weight, (Defi- 
nite Proportions.) 

Thus, the water we drink is composed of cwo gases, 
Oxygen and Hydrogen : 16 grains, ounces, or pounds of 
Oxygen, unite with 2 grains, ounces, or pounds of Hydrogen, 
to form 18 grains, ounces, or pounds of water. If we 
attempt to form water by uniting these elements in different 
proportions, we shall fail, as a portion of one or other 
element will remain uucombined. 

• Catalysis, from icara-Avcrtf, an undoing. 
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28. The second law of Chemical affinity is, that the same 
chemical compound always contains the same elements 
united in the same unvarying jiroportions. (Constancy of 
Composition.) 

Thus pure water at all places and at all seasons, contains 
the same proportions of its constituent gases. 

29. The third law of Chemical affinity is, that when ele- 
ments unite to form more combinations than one^ the larger 
quantities are multiples ‘ of the least by a whole nmnber. 

(Multiple Proportions.) 

Thus Orygen and Nitrogen form a series of five com- 
pounds (as below), which differ essentially in their proper- 
ties ; the amount of nitrogen in each is unchanged, but the 
quantity of Oxygen varies as the numbers 16, 32, 48, 64, 
80, each number being an exact multiple of sixteen. The 
two gases will not combine in any other proportions. 


Protoxide of Nitrogen NoO 
Deutozide of Nitrogen NnO^ 
Nitrous Anhydride . N0O3 
Hyponitric Anhydride N2O4 
Nitric Anhydride . . 


28+16= 44. 
28 + 32 =- 60. 
28 + 48 = 76. 
28 + 64 = 92. 
28 + 80 = 108. 


EXERCISES ON CHAPTER III. 

1. Why may the elements be termed the A B C of chemistry ? 

2. Illustrate synthesis and analysis by the words of a language. 

3. Name some of the more frequently occurring elements ; also some 
of the rarer ones. 

4. What is meant by chemical aflSnity? 

5. Wliat is tlie effect of chemical affinity ? 

6. How does chemical affinity differ from gravitation ? 

7. How does chemical affinity differ from attraction of cohesion P 

8. When are bodies said to have no affinity for each other ? 

9. what is a. mechanical mixture? Give illustrations of the differ- 
ence between mechanical mixture and chemical combination. 

10. Shew that there are different degrees of ai&nity. 

11. What is meant by a binary compound ? 

12. What is simple or single affinity ? 

13. State, and illustrate, the fundamental rule of chemical union. 
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14. Explain and illustrate what is meant by double decompotition. 

15. State and illustrate the changes produced by chemical affinity. 

16. Name the causes which influence chemical action. 

17. How does cohesion influence affinity ? 

IS. ^'hy does heat often destroy chemical union ? 

19. What becomes of the elements of a body that has been decom* 
posed by heat ? 

20. How does heat sometimes directly promote chemical union ? 

21. How does light influence affinity? 

22. What is the principle on which photography depends ? 

23. What influence has electricity upon chemical action ? Give an 
example. 

24. On what principle does the art of electro-plating depend ? 

25. Explain and illustrate what is meant by the nascent state of 
bodies. 

26. What is meant by Presence-action, or Catalysis ? 

27. State and explain the law of definite proportions. 

28. What is meant by ot constancy of composition t 

29. Explain the law of mnltiple projwrtions. 

CHAPTEK IV. 

METALLOIDS. 

OXYGEN. 

Symbol 0. Combining erjuivalent 1C. 

1. Oxygen at the common temperuture is a colour- 
less, tasteless, inodorous gas. It was discovered by Dr. 
Priestly, in 17/4, and by Scheele, a Swedish chemist, about 
the same time. 

2. It was at first called dephlogisticated air. The term 

Oxygen was given to it by Lavoisier, a French chemist, who 
thought that the acid (Chap, vii.) properties of bodies 
were due to this element. The term Oxygen signifies acid^ 
producer. sharp ; ygvvaw, I produce.) 

3. Oxygen is the most widely distributed body in nature ; 
it forms one-fifth part by volume of all the air ; eight- 
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ttintht, by weight, of all the water ; one-half of all the aoBd 
cmat of the globe ; and more than one-half of all liying 
plants and animals. 

p 4. Preparation- 

Mercury, 

/ I HgO, be heated in a 

/ test tube ab, the af- 

/ j finity which holds 

/ Oxygen to the 

O t Ifl Mercury is so feeble, 

/ jyL that exposure to 

PI / resolves the 

^ Jb} 'i compound into oxy- 

gen gas and metalhc 

5. The gas may 

be collected in ajar c, over water at tlie pneumatic* trough, 

A * “ The pneumatic trough^ fig. ‘2, is a tin 
box, 10 in. wide by 14 long. ItU without! 
lop, but has a shell' extending over a part of 
its surface, and rested on a small shallow 
ledge fastened to tlie sides of the box, so 

11 f iUMUM " I 2 inches beneath tlie upper edge of the box , 

' ^ •111 through the shelf are two or three holes, to 

V 11 'which are attached on the under surface aa 

jS ^ W ' I I p^ Bl many small funnels of tin as represented in 

£, nn^ll|IHI! H Ti IfMlllilP. llie cut. Supposing gas is issuing out of 

— >j ) the heak of a retort, and that beak were 

placed heneatli the funnel, the siielf lieing 
covered with water; it is evident that the 
gas would pass througli the funnelled hole 
and ascend into the air if the liole were 
uncovered, or else iiito a gas jar or other 
V • II mill II in T -^* ^essel placed over the hole. Also in parsing 
Fig. 2. tlirough the water, the gas becomes purified 

and cooled, These arc the objects of a pneumatic trough. 
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tile metallic mercury condenses in globules on the cool 
jpart of the tube. A tolerably large tube should be used 
in this experiment. The arrangement is sbo'wn m the 
figure. This method of obtaining the gas is seldom adopted, 
owing to the expense of the oxide of mercury. It is inter- 
esting as being the mode in which it was first obtained by 
Priestly and Scheele. 

6. A more economical method is by mixing about four 
parts by weight, of chlorate of potassium (KCIO,) with one 
part of the binoxidc of manganese (MnOj). These mate- 
rials should be well mixed and dried, then introduced into 
a retort, as d, or into 
a Florence flask, fur- 
nished with a proper 
tube for delivering 
the gas, which must 
be collected over 
water at the pneu- 
matic . trough, A, as 
before. Heat should 
be applied gradually, 
since if this precau- 
tion be neglected the 
flask is likely to be broken. In a few minutes the gas 
comes off in great abundance. The jars intended to receive 




“Instead of tin, a coni- 
inon wooden ])ox may be 
used. It is only neces- 
sary that it should he 
water-tight, and a com- 
mon box may be easily 
made so, by running a 
little pitch or a mixture of resin and wax along the various joints— 
even a washing basin with a small three-legged stool standing in it will 
answer every purpose* A small foot tub noiakes an excellent trough, 
and a small garden pot» with a hole made in the side to receive the 
break of the retort, will make an equally excellent shelf to it, so easy 
is it to find chemical apparatus.” — Francis, 
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the gas, as c, should stand filled with water, on the shelf 
of the ti ough B, readt/ to be used at once, as the gas ge- 
nerally comes over with great rapidity, and much would 
otherwise be wasted. 

Decomposition : — KCIO 3 ~ KCl + 30. 

7 . The manganese in this case undergoes no change, it 
acts by mere contact {catalysis). The decomposition of the 
chlorateofpotassiumin the presence of the manganese takes 
place at a much lower temperature than if it were used 
alone, for then a heat would be required sufficient to soften, 
if not melt, the glass flask. 

Ex. a. — Put a small quantity of 
chlorate of potassium into atest tubs 
and hold it by a wire over a lamp- 
If when the chlorate is boiling and 
the gas is rising, a slip of burning 
wood be held above the chlorate 
and in the gas, the brilliancy of the 
flame will be increased ; if the 
burning wood be allowed to fall 
into the melted chlorate, a sudden 
deflagration takes place. 

Fig. 5. 

8. Another method sometimes adopted for obtaining 
Oxygen, when absolute purity is not required, is to heat to 
redness in an iron bottle or gunbarrel some of the binoxide 
of manganese (MnOg). The manganese oxide, at this high 
temperature, undergoes decomposition, but differs, how- 
ever, from the red oxide of mercury in not yielding up the 
whole of its Oxygen. 

9. In this decomposition, 3 atoms of the Binoxide of 
manganese (MnOj) are resolved into one atom of the Pro- 
toxide of manganese (MnO) ; one atom of the Sesqui- 
oxide of manganese (MnjOa) ; and a molecule^ or double 
atom of Oxygen Gas, 00, thus 

3Mn02=Mn0+Mn203+20. 

10. The most striking property of Oxygen is its powei 
of supporting combustion. 
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E». 6 . — Fasten a piece of candle or taper to a wire, light it and im- 
merse it in a jar of oxygen gas ; it will 
bum with much more than its usual 
brightness. If the taper be so 
extinguished, as to leave the wick 
red hot, and then immersed, it will be 
instantly relighted. The taper may be 
thus extinguished and lighted again 
several times with the same jar. 

Ejt. c. — Re?nove a jar of oxj'gen gas 
from the shelf of the pneumatic trough, 
by sliding it, with its mouth still under 
water, into a plate or saucer, and then 
lifting the whole together. Place in ade- 
flagrating spoon, fig. 7, a piece of sulphur 
about the size of a pea, light it by the >'lg. 6, 

lamp, and immerse it in the jar of gas, 
taking out the stopper, which should 
have been well greased before-hand, to 
prevent its sticking. The sulphur will 
burn with a beautiful blue flame, and 
the jar will be filled with a vapour 
which is sulphurous acid (S 02 )*fonned 
by the combination of the sulphur 
with the oxygen. 

Ex. d . — Instead of sulphur introduce 
a piece of charcoal previously ignited 
at the spirit lamp. It will burn rapidly, 
forming carbonic acid (CO 2 ).* If the 

charcoal have the bark on, it will burn pig. 7. Fig. a, 

with very brilliant scintillations ; fig. ti. 

Ex. e,— Put into a deflagrating 
spoon a piece of phosphorus about the 
size of a split pea, previously dried be- 
tween the folds of blotting paper with 
as little handling as possible ; ignite 
the phosphorus by touching it with a 
red hot wire, and immerse it quickly, 
hut steadily, into a jar of Oxygen, to 
about two-thirds of the depth of the 
jar ; fig. $, The Phosphorus will burn 
with a light so intense that the eye can Elg. 9. 

scarcely bear it ; the jar will be filled 

* Or, more correctly, Sulphurous and Carbonic anhydride. 
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¥filh nrhite clouds of Phosphoric anhydride (PsOs), which after some 
time will dissolve in the water. 

Ew, f . — A piece of iron wire (called binding wire) 
may be twisted into a spiral form like a cork-icrew’, 
and about the diameter of a lead pencil. The end of 
the spiral wire should be dipped in sulphur, or at- 
tached to a dry splinter of wood and ignited. When 
introduced into a jar of oxygen, the sulphur or wood 
kindles the iron, which burns with great brilliancy, 
while large melted drops of the black oxide of iron 
(Fes O4) fall to the bottom of the jar.* 

11. All the foregoing experiments are cases of com- 
bustion. Combustion is the combination of two or more 
bodies attended by light and beat ; it is the result of intense 
chemical action. 

12. In each of the above instances the light and beat 
are produced by the chemical union of oxygen with the 
burning body, the weight of which is increased exactly in 
proportion to the quantity of oxygen consumed, 

13. Combustion in oxygen is the same in character as 
combustion in air ; and the same products are formed. It 
is, however, much slower in the latter case because the 
oxygen of the atmosphere is diluted with four times its 
bulk of nitrogen. 

14. Oxygen is the universal supporter of respiration, and 
is hence the great supporter of life. The Jungs of land 
animals and the gills of fish are both adapted to the same 



Fig. 10. 


* Wlien these experiments are given at the lecture table, the gas jar 
should not hold less than three pints, the phosphorus and sulphur 
should be introduced in a deflagrating spoon ; the charcoal should be 
secured to a piece of wire, and the other end attached to a cork. The 
end of the iron spiral should also be attached to a cork, hut there should 
be a piece of tin, or other metal, under the cork, to keep the latter from 
catching fire. 

These experiments are best seen in a dark room. If smaller jars be 
\ised, the pieces of combustible material must be reduced in size. 
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purpose — to absorb oxygen ; the former from the atmo- 
sphere, the latter from the water. 

15. Pure oxygen, however, is not suited to sustain animal 
life ; its efft ct is too powerful ; over-excitement, fever, and 
in a short time death, would be the result of living in an 
atmosphere of undiluted oxygen. 

IG. If a living animal were introduced into a jar of oxygen, 
the circulation of the blood would be quickened, the respi- 
ration would be more frequent, the eyes would dilate, the 
blood vessels burst, and the poor creature die ; it would, 
indeed, have been living too fast. 

1 7. Oxygen gas is slightly soluble in water. This is of 
great importance to those plants and animals which live in 
water and are dependent on the dissolved oxygen of the 
water for the air they breathe. 

18. Fishes die if placed in water deprived of its oxygen 
by boiling or otherwise. Hence, in an aquarium, it is 
necessary either to change the water frequently, oi to pro- 
vide a supply of living plants, which in their process of 
growth give out oxygen ; this is absorbed by the water, 
and respired by the fish through their gills or breathing 
apparatus. 


EXERCISES ON CHAPTER IV. 

1. Give the syrjibol and combining weight of oxygen. By whom 
was oxygen discovered, and when ? 

2. Whence does oxygen derive its name ? 

3. Shew that oxygen is the most widely-ditFused body in nature. 

4. What is meant by HgO; and how may oxygen be obtained from 
it ? 

5. Why is the HgO process interesting? Why is it not usually 
adopted f 

6. Explain the process of obtaining oxygen from a mixture of chlo- 
rate of potasiium and binoxide of manganese. 

7. What is the advantage of using binoxide of manganese with the 
chlorate of potassium f 

8. How may oxygen be obtained from binoxide of manganese 
alone ? In what respect does this process differ from that with the 
red oxide of mercury ? 
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9. GUe the formula for the decomposition of binoxide of manga* 
ncie» and explain its meaning. 

10. State and illustrate the most striking property of oxygen. 

11. Define combustion. 

12. How are the light and heat produced in combustion ? 

13. In what respects does combustion in oxygen gas resemble, or 
(liffer from, combustion in common air? 

14. What relation has oxygen to animal life? 

15. Why would an atmosphere of pure oxygen be injurious? 

16. What would be the effect on an animal if it breathed only pure 
oxygen ? 

17. Why is the solubility of oxygen in water important P 

18. Of what use are living plants in ah aquarium ? 


CHAPTER V. 

HYDROGEN. 

Symbol H, Comhininy equivalent 1. 

1 . Hydrogen is a gas at all known temperatures. It 
is colourless, tasteless, and without odour when pure, and 
the lightest body known, being 14 times lighter than com- 
mon air. It cannot support combustion or respiration, but 
is itself highly inflammable, burning, however, only in the 
presence of oxygen. 

2. Hydrogen was first obtained pure by Mr. Cavendish 

in 1766- Its name signifies water -producer water ; 

yivvaw, I produce). It is, as its name implies, a constituent 
of water, as well as of all plants and animals. 

3. Tallow, wax, gas, oil, coal, and all substances used 
either for iieating or illuminating purposes, are Hydro- 
carbons, i. e. compounds of Hydrogen with another element 
Carbon. 

4. Hydrogen is usually obtained by the decomposition 
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of vater, H 3 O. The simplest method of doing this, per- 
haps, is by passing a galvanic current through 
the water, whereby it is resolved into its con- 
stituent elements, the hydrogen appearing at 
the negative wire or electrode ( — ), and the 
oxygen at the positive (-h) ; the quantity of 
thehydrogeu being double that of the oxygen. 

5. Another method of obtaining hydro- 
gen, interesting from its simplicity, but too 
expensive to be used on a large scale, is by 

folding up a piece of 
potassium orsodium in 
blotting paper, and 
passing it quickly un- 
der a gas jar filled 
with water and stand- 
ing mouth downwards 
Fig. 11. Qn the shelf of the Fig. 11. 

pneumatic trough,or into a test tube. (Fig. 11 .) The metal de- 
composes part of the water, uniting with the oxygen to form 
potash, KA or soda, NajO, which is dissolved in the re- 
maining water ; while the hydrogen rises to the top of the 
jar as a gas. 

6 . Decomposition : K-f H 2 O = KHO-l-H ; 

Na-fHjO -= NaHO-l-H. 

7. The presence of the dissolved potash or soda may be 
shewn by the restoration of the blue color to a piece of 
litmus paper previously reddened by an acid. 

8 . The presence of the gas may be shewn by removing the 
tube or jar from the water, having previously closed the 
mouth with the finger or a plate, inverting the jar, removing 
the covering, and applying a light, when the hydrogen will 
burn with a pale dame. 

9 . Iron at a red heat decomposes water, so if steam be 
made to pass from a flask B, through a red hot gun 
barrel a b, or porcelain tube filled with iron filings, it 
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will be decomposed into its elements^ the oxygen unititig 
with the iron, while the hydrogen escapes through the 
tube e d* 





10. In this process four atoms of water are decomposed 
by three atoms of iron, forming one atom of black oxide of 
iron, and liberating 8 atoms of hydrogen gas. 


11. The best method of preparing this gas is the follow- 
ing:— Take a wide-necked bottle fitted with a good sound 
cork, perforated with two holes, one to 
admit a tube for the escape of the gas, 
and the other for a funnel which should 
pass nearly to the bottom of the bottle. 
Put a few pieces of granulated zinc or 
some iron nails into the bottle, and pour 
in some dilute sulphuric acid through 
the funnel; gas will be rapidly given off, 
and may be collected at the pneumatic 
trough in jars filled witli water. 

12. Care must be taken that the jars or other vessels in 
which the gas is collected contain no air, as hydrogen 
forms an explosive mixture either with oxygen or with com- 
mon air. 
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For the same reason the first portions of the gas should 
always be allowed to escape, as they are invariably mixed 
with the air contained in the upper part of the bottle. 

13. When zkic is placed in pure water, no chemical 
action is perceptible ; but if a little sulphuric acid be added, 
decomposition of the water takes place, the oxygen of the 
water unites with the zinc, forming oxide of zinc (ZnO), 
which at once combines with the sulphuric acid, while the 
liberated hydrogen escapes as a gas. 

1 4 . Decomposition : — 

ILSO. + Zii -- ZnS04-f2IL 

H.SO^+Fe = FeS 04 + 2 H. 

Ea;. a . — Fill a small balloon made of gold-beater's skin with hydro{^ 
gen ; tic the mouth and let it free, it will immediately rise to the 
ceiling of the room ; if out of doors, it will soon fly out of sight and be 
lost. 

Ex. b. — Hydrogen is combustible, but not a supporter of corabus* 
tioii. This fact niay be illustrated by introducing a Iiglited taper into 
ajar of hydrogen held with its mouth downwards : the hydrogen burns 
at the mouth of the jar, where it is in contact with air, but if the taper 
be moved farther into the jar its flame will be extinguished. 

Ex. c. — Hydrogen gas may be ignited at a jet as it escapes from 
the bottle in which it is prepared, care being 
taken that all the air is expelled before the 
light is applied; it is as well also that (he 
bottle should be loosely wrapped round with ii 
cloth in case of any accident. 

Ex. d. — If a dry gas jar be held over a jet 
of burning hydrogen, or over any ordinary 
flame, its interior becomes covered with drops 
of moisture. Tills moisture is due to the union 
of hydrogen and oxygen, forming water. 

Ex. e. — If a bladder be filled with a mix- 
ture of two parts by measure of hydrogen and 
five of air, and a hole made in it with a pin, 
and a lighted taper applied, the mixed gases 
will explode with a loud report. If oxygen he 
used, two volumes of hydrogen should be taken Fig. 14. 

and one of oxygen, hems the proportions in which these gases unite to 
form water. 
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£** f, — ^Fill a gas bag or bladder provided with a stop-coea with 
the mixture of hydrogen and oxygen already mentioned; attach to it 
a tube or a tobacco-pipe bowl, and blow up some soap bubbles in a 
basin ; after removing the tube, apply a lighted taper to the frothy 
surface : a violent explosion will ensue as before. 

1 5. The flame produced by burning hydrogen is bluish 
or yellowish, and so faint that in daylight it is scarcely 
visiUe ; it is, however, intensely hot, as may be seen by 
bolding a piece of wire or a rod of glass to the end of the 
"et of butniiig gas. 

16. The illuminating power of flame is almost entirely 
dependent upon the presence of solid matter in a state of 
combustion or intense ignition. In the hydrogen flame, 
we have two simple gases uniting, oxygen and hydrogen, 
giving rise to a vaporous compound, water, in the form of 
ffteam ; hence we have but little light ; in a dusty atmo- 
sphere, however, the flame becomes much more luminous, 
by igniting to intense whiteness the floating particles which 
come into contact with it. 

JSv. g , — Shake some iron filings through the flame as it issues from 
the jet in Ex. c. They will be heated to whiteness, and form a shower 
of brilliant sparks. A piece of chalk sharpened to a point and held in 
the flame will emit a bright light. These experiments ]>rove also the 
intense heat of the flame. 

17 . All ordinary flames burning in the air, or in pure 
oxygen, are of necessity hollow, combustion being only the 
energetic union of the substance burned with the surround- 
ing oxygen, and this can evidently only take place in all 
common cases, at the surface of the burning body. 

18. The flame of the mixed gases is, however, solids for 
the combustible gas and the oxyge^i are already inter 
mingled, and only require an increased temperature to 
opnae them to combine in every part. 

19. The flame thus produced is termed the oxy-ny- 
drogen flame, and is still less luminous than that of hydro* 
gen alone ; its heat, however, is greatly increased. 
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20. VarioQs means have been employed for burning the 
explosive mixture of the two gases with safety. 
Sometimes two gas holders or gas bags are used, 
one for each gas ; the tubes from these reservoirs 
meet in another tube or jet, where the gases 
mix in very small quantity ; fig. 1 5. 

21. Sometimes a jet of peculiar construction 
called Hemming’s jet, is employed, in which the 
gases, previously mixed in a bag, are forced 
through a tube filled with fine wires, which pre- 
vent the passage of the fiame to the gas bag. 

22. Another and more economical mode of using the 
i>vo gases, and perfectly safe, is shewn in the diagram. 




Fig 16. 

The bag is filled with oxygen, which can he forced from 
it by the pressure of the weight ; hydrogen is generated 
from zinc in the bottle, allowed as usual to pass through 
sulphuric acid in the second or drying bottle, and kindled 
at tlie jet. The oxygen is turned on, and brought within 
one eighth of an inch of the burning hydrogen, when the 
two gases burn together, and we obtain the oxy-hydrogen 
flame. D 2 
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Bm. h * — Hold in the dame, by means of a pair of pliers, a fine 
piece of copper wire about an inch long : it will burn with a beautiful 
green dame • 

JEx, I,— Instead of copper wire use a piece of platinum wire: it 
will burn with a white light. This metal cannot be burned, or even 
melted, by the heat of the most powerful furnace, yet it burns readily 
in the intense heat of the oxy-hydrogen dame. 

Ex, k . — Treat a piece of watch-spring, or a small steel file, in the 
same way. it will burn with the greatest brilliancy, throwing off 
showers of sparks. 

Ex, I , — Cut a piece of lime to a sharp point, and hold it in the 
dame ; a light will be emitted nearly as dazzling as the sun. This is 
called the oxy-hydrogen or Drummond light, and has been used for a 
variety of purposes where intense light is required. 


EXERCISES ON CHAPTER V. 

1. Give tlie symbol and combining equivalent of hydrogen. Slate 
its principal properties. 

2. Whence does hydrogen deiive its name.^ By whom was it dis- 
covered ? 

3. Name its most useful compounds. 

4. Whence is hydrogen obtained? Explain the mode of obtaining it 
by a galvanic current. 

5. How can hydrogen be obtained by means of Potassium or So- 
dium ? State the changes which take place. 

6. Give the formulae for the preceding decomposition. 

7. How can the presence of the potash or soda be proved 

8. How may the presence of the hydrogen be shown ? 

9. What is the effect of passing steam over red-hot iron } 

10. W^rite and explain the formula for the preceding decomposition. 

11. What is the usual method of preparing hydrogen ? 

12. What special care is needed in collecting hydrogen ? 

13. Explain the usual process of obtaining hydrogen. 

14. Give the formulsB and equivalents of the decomposition of water 
by sine and iron. 

15. What is peculiar with regard to the light and heat of inflamed 
hydrogen ? 

16 On what does the illuminating power of flame depend ? How 
may this be proved ? Why does burning hydrogen give but little 

fight? 

17. Why are ordinary flames hollow ? 

18. Why is the oxy-hydrogen flame solid ? 

19. What are the properties of the oxy-hydrogen flame? 
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20. How may the mixed gases be burned with safety ? 

21. Describe Hemming’s jet. 

22. Describe a more simple mode of safely burning the mixed gases 


CHAPTER VI. 

WATES. 

Symbol HoO; combining weight 18. 

1 . Water, or Oxide of Hydrogen, is a compound of 
two atoms of hydrogen and one atom of Oxygen; its atomic 
weight is consequently 18. 

2 . Pure water is a transparent, tasteless, inodoron? 
liquid ; colorless in small quantities, but in large quanti- 
ties of a beautiful blue, ns seen in the deep sea, and in the 
crevices of Alpine glaciers. 

3 . Water is 815 times heavier than air; a cubic foot oi 
water at the temperature of 60®, weighs 1 000 ounces ^avoirdu- 
pois) 3 or, since a gallon of water weighs lOlbs., we may say 

A pint of pure water 
Weighs a pound and a quarter. 

4. Water readily assumes either the solid, liquid, or 
vaporous state, as ice, water, steam. 

5. Under ordinary circumstances, water freezes at 32®, 
and boils at 2 1 2 ®. 

6 . Water, like other bodies, expands by heat and con- 
tracts by cold ; but, unlike other bodies, after it has been 
cooled to a certain point ( 39 ®. 3 ), it again expands. 

7. A given weight of water occupies the smallest space, 
or is most dense at 39®. 3; if its temperature vary either 
above or below 39®. 3, it expands. This point is termed the 
point of greatest density of water. 

8 . While freezing, water expands very much, bursting the 
Btrongest vessels in which it may be contained 3 it is in this 
way that the hardest rocks are gradually crumbled down 



CHEMiSTJiY. 


into soil fit for vegetable life ; for the moisture, which has 
during summer penetrated into the smallest cracks and 
hollows, freezes during winter, and by its expansive force 
breaks the solid stone. 

9. Ice is lighter than water, and therefore floats on its 
surface; were it otherwise, so that the ice sank ns fast as it 
was formed, rivers, lakes, and seas, would soon be con- 
verted into bodies of solid ice. 

10. Steam occupies about 
1700 times as much space as 
water ; a cubic inch of water 
forms very nearly a cubic foot 
of steam. 

1 1 . Water has the power 
of dissolving many sub- 
stances, and it is this pro- 
perty which renders it so 
important in nature and so 
serviceable to mankind. 

Fig. 17. 

12. Solution is a mere mechanical action, and does not 
produce any change in the chemical properties of a body ; 
for on heating the solution, the water is driven off in vapor, 
and the particles of the dissolved body are recovered with 
their properties unaltered. 

13. Transparency is essential to a solution. Where solid 
particles are distributed throughout a liquid, as when chalk 
is stirred with water, they are not dissolved, but only me- 
chanically suspended in the water, and will separate by 
their own weight, or by the process of filtering, 

14. Hot water lins a greater solvent power for most sub- 
stances than cold water. In the case of alum, for instance, 
hot water will dissolve twice as much as cold water. It 
follows that as the hot water becomes cold, part of the 
alum must again become solid. Jn so doing, the particles, 
in obedience to their mutual attraction arraha:e themselves 
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in particulnr forms or crystals ; the process is termed crys- 
zaUization, Sugar candy may be taken as another example. 

15 . In consequence of its great solvent power, water 
Rcldom, if ever, occurs in nature perfectly pure. Rain- 
water, as collected at a distance from large towns, and in the 
open fields, is the purest natural form of water, but even 
liiis contains a truce of ammonia, NH^. 

16 . Absolutely pure water can only be obtained by the 
process of distillation* whereby the water is converted into 
vapor (evaporated), which is afterwards condensed into the 
liquid state, while the substances that were previously dis- 
solved in it are left behind in the retort or still. 

In the chemist’s laboratory and in many of the arts, large quantities 
tif absolutely pure water are required. Its distillation is conducted in 
an apparatus represented in the annexed figure. 



Fig.ia 


• Dhtillatio (Latin), falling in drops. 
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This distilling apparatus, or alembic, consists of a copper boiler, a« 
fixed in a brick furnace, having a dome-fornied cover, b, adapted to it, 
from vrhich a bent tube, h c proceeds, and is connected with a spiral 
tube called a worm. This worm is inclosed in a large cylindrical cis* 
ittn^pq j r, constructed in metal, which is kept constantly filled 
with cold water. The lowest part of the worm passes out of this 
cistern near its bottom, and terminates at a, over the mouth of a jar, c, 
intended to receive the distilled water. An opening, having a steam- 
tight stopper, is provided in the boiler, through which the water to be 
distilled is introduced into it. 

The vapor issuing from the boiler through the tube, b c passes 
into the worm, being first received by the vessel, o, where the conden- 
Mtion begins. 

Passing next through the coils of the worm, it is exposed to the con- 
tact of its cold surface, and is entirely condensed and reduced to the 
liquid state before it arrives at the lower extremity, a, from which it 
trickles in drops into the jar, c. 

1 7. Rain-water, as collected away from large towns, and 
water that springs from rocks, which, like granite or sand- 
stone, are scarcely, if at all, soluble, is very pure, and will 
dissolve soap without curdling j it is called s^t water. 

18. Spring water, in general, however, contains lime and 
other substances, which it has dissolved out of the lime- 
stone and other strata through which it has flowed : such 
water is termed hard water ; it will not dissolve soap, and is 
unfit for washing, &c. 

19. Soap dissolved in spirits of wine is employed to test 
ihe hardness of water. It may be mixed with pure, soft 
water, without ciiusiug any change, but if added to a hard 
water, it produces a milkiness, the more considerable as the 
water is less pure. 

20. Water unites chemically with other compound bodies 
forming a class of substances termed hydrates 
water). Thus fresh-burned lime, CaO, unites rapidly with 
water in the process termed slaking, and is in reality con- 
verted into a hydrate of lime, CaO,H.O» 

21. Water is a product of nil ordinary combustion. This 
baa been shown in Ex. d. of the last chapter. It is also 
evident in cold weather on the windows of shops where 
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pa is burned, the vapor being condensed on the inner 
surface of the glass. 

EXERCISES ON CHAPTER VI. 

1. (jive the symbol and equivalent of water. 

2. What are the properties of pure water ? 

3. What is the comparative and what the absolute weight of water ? 

4. What different states does water assume ^ 

5. Give the boiling and freezing points of water. 

6. What is remarkable in the expansion and contraction of water by 
change of temperature ? 

7. What is meant by the point of greatest density of water ? 

8. What effects are produced by water when freezing ? 

9. What would hajipeii were ice heavier than water ? 

10. State the comparative space occupied by steam and vater. 

11. WhatJs the most impoitant property of water? 

12. What change does solution pioduce in the chemical properties of 
bodies ? 

13. When can water be purified by filtering ? 

14. Explain the process of crystallization. 

13. W’hat is the purest natural form of water? 

16. How is absolutely pure water to be obtained? 

17. Whence does soft water flow ? 

18. Why is some water termed hard water ? 

19. How may the hardness of water be detected ? 

20. Explain the term Hydrate. 

21. Shew that water is a product of combustion. 
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CHAPTEll VII. 

COMPOTTNDS OP THE METALLOIDS : — ACIDS, ;.ZC. 

1. Most of the non-metallic elements or metalloids 
rombine with each other, the compounds so formed being 
either acid or non-acid. 

2. The non acid compounds of the metalloids with other 

elements have for the most part names ending in -ide ; 
the termination is more frequently used in some 

itaeB. 

Thus the non- acid compounds of — 

Oxygen are termed. . Oxides 

Chlorine „ Chlorides 

Iodine are Iodides 

Bromine Bromides 

Fluorine Fluorides 

Carbon Carbides or Carburets 

Sulphur Sulphides or Sulphurets 

Phosphorus Phosphides or Phosphurets. 

3. An acid may be defined as a body which has a sour 
taste, reddens vegetable blues, and neutralizes, or destroys, 
the alkaline reaction of potass. 

4. These are the ttsual characteristics of an acid, thouo'h 
they are not always found together; for some bodies, 
owing to their insolubility, have neither a sour taste, nor 
any action on vegetable colours, and yet must be regarded 
as acids^ from their power of neutralizing potass or soda. 

5. Thus common flint or sand, which is a compound of 
Oxygen and Silicon, if heated with potass (or soda) com^ 
pletely neutralizes its properties, and combines with it to 
form gloss. Flint or sand has, therefore, been named 
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Silicic acid (SiOj) though it neither tastes sour, nor acts 
on vegetable colours. 

6 . On the other hand. Carbonic acid (H 2 CO 3 ), and Bo- 
racic acid (HjBOa), though they do not perfectly neutralize 
potass, have long been looked upon as acids, owing to their 
taste and action on vegetable blues. 

7 . It was formerly supposed that all acids contained 
Oxygen, and this supposition gave rise to the name oxygen, 
that is, aeid-joroducer. 

8 . Many, however, of the compounds formed by Hy- 
drogen with the other metalloids possess acid properties ; 
they form the class of acids sometimes termed HydraeidSj 
and their names begin with the prefix Hydr-, or Hydro- ; 
as ; — 

Hydrochloric Acid HCl =c 3G.5 

Hydriodic „ HI = 128. 

Hydrohromic „ HBr» 81. 

Hydro-fluoric „ HF = 20. 

Hydro-sulphuric H^S = 34 

9. Oxygen unites with most of the other metalloids to 
form compounds which till recently were considered as 
acids, and formed the class of acids known as Oxacids. 

10. Inasmuch, however, as these compounds have no 
acid properties in themselves, and manifest them only when 
in combination with water, they have no right to be called 
acids, and are now spoken of as Anhydrides.* 

11. These Anhydrides, when in combination with water, 
form the class of acids formerly termed Oxacids, or hy- 
drated oxacids, 

12 . The division into Hydracids and Oxacids may now 
be set aside, and all acids considered as compounds of 

* When the water which was chemically combined with any 
substance has been removed, the subbiance is said to be aniiydrous 
(a, mt ; and water) \ hence the term Anhydride, 
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Hydrogen, in fact, as Hydrogen- salts, in which the hydro- 
gen acts as a base. (See Chap, xxvi.) 

13. This will be seen by the following list of some of 
the most important of these Anhydrides, and their corre- 
aponding acids : — 


Anhyilritlo. Acid. 


Carbonic 

CO, r.::r 

44 ; HoCO, = 62. 

Nitric 

N A -- 

108 ; HNOg = 63 

Solphoroas 

S 03 

64 ; H 2 SO, = 82 

Bolphuric 

S 03 = 

80; HoSO^ =-98, 

Phosphoric 

PA- 

142; 1I3P0< = 98. 


14. When one element unites with another in several 
proportions, the different combinations are distinguished 
by suitable prefixes, marking the number of proportions of 
the finUnamed element which enter into union with one 
proportion of the latter. 

15. A compound body, which contains only one propor- 
tion of each of its constituents, simply takes the name 
oxide, chloride, &c., as the case may be, according to § 2. 

16. The Latin prefixes 6m- or hi- (== twice), and ter- 
(= three times), are used when two or three proportions 
respectively of one body are combined with one propor- 
tion of another. 

Thus we have binoxide of manganese = MnOj ; sesqui-oxide of 
gold = Au.jOg *, bichloride of mercury r= HgClo, &c. 

17. When two bodies combine in the proportion of three 
atoms of one body to one atom of the other, or as : 1, 
the compound takes the Latin prefix sesqui, which means 
one and a half. 

Thus, common rust, Fe^Os is termed sesqui-oiidc of iron. 

18. The Greek prefixes proto-^ deuto-j trito-, &c., are 
properly used to denote respectively the first, second, 
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bird, &c., in a series of compounds formed by two ele- 
ments, without reference to the proportions in which they 
occur. 

19. The terms protoxide, proto-chloride, &c., are, how- 
ever, frequently used simply in the sense of oxide, chloride, 
&c., as in § 15, instead of in their strictly grammatical 
sense of oxide, &c. Any compound containing a 
mailer proportion of oxygen, chlorine, &c., wojuld then 
be marked by the prefix sud- (under), as Suboxide of 
copper, CujO. 

20. Per- or hyper- in a series of compounds, denotes 
the greatest though undefined quantity of the first element 
named, except when prefixed to the oxygen acids, when it 
implies the greatest amount of oxygen. 

21. The termination -ic, in a series of oxygen acids, 
denotes the presence of more oxygen tiian the termination 
-ot /5 ,* and -om more than tlie prefix hypo- which means 
under; thus, — 

HCIO 52.5 form hypo-e\\\oxous acid. 

liiClOj == G8.5 „ chlorous „ 

HClOj == 84.5 „ chloric ,, 

HC 104 = 100.5 „ 2 >er-chlortc „ 


EXEEOISES ON CHAPTER VII. 


1. How may the combinations formed by the metalloids with each 
other be arranged ? 

2. What compounds have names ending in ide T Give examples. 

3. What are the usual characteristics of an acid ? 

4 . Why is the usual definition of an acid too limited ? 

C. Why is flint, or silica, considered an acid ? 

6. Why should Carbonic and Boracic acids be regarded as acida ? 
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7. 'What was formerly supposed to be an essential oonatituentof in 
acid? 

8. What was intended by the term hydr-acid? 

I. Explain the term ox-add. 

10^ What are the compounds termed anhydrides ? 

11. How do the anhydrides become acids ? 

12. What are all acids at present considered to be ? 

13. Give the names and symbols of the principal acids. 

14. How are different combinations of the same elements distin- 
guished ? 

15. What is denoted by the terms oxide, chloride, &c. ? 

16. Explain and illustrate the use of the prefixes bin- or bi~ and 
ter-. 

17. Explain the prefix sesqui-, and give an example. 

18. What do the Greek prefixes proio-y dcato-, irito- properly 
denote ? 

19. In what sense are the names having the prefix proto- often 
used ? What is denoted by the prefix sub- ? 

20. Explain and illustrate the use of the prefixes per- and 
hyper-. 

21. Explain the different prefixes and suffixes in a series of oxygen- 

acids. 
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CHAPTER VIII. 

iriTEOGElf. 

Symbol N. Combining equivalent 14. 

1. Nitrogen is a permanently elastic fluid or gas, chiefly 
distinguished by its negative properties. It has neither 
colour, taste, nor smell ; it neither burns nor supports com- 
bustion ; it cannot maintain respiration, and it has no 
action upon vegetable colours. It is a little lighter than 
atmospheric air, and is slightly absorbable by water. 

2. Nitrogen was discovered by Dr. Rutherford in 1772, 
and received its name {nitre-producer) from its connection 
with nitre or saltpetre, of which it forms a component 
part. 

3. Lavoisier, the French chemist, who first investigated 
its principal properties, gave it the name Azote {life- 
destroyer), from the fact of its destroying animal life ; this 
it does not by poisoning, but simply by excluding common 
air, and so causing suflbcation. 

4. Nitrogen is an important element, for it forms four- 
fifths of the air we breathe, and is a constant ingredient of 
all vegetables and animals. It occurs also in some mine- 
rals, as saltpetre (nitrate cf potassium, KNO3), cubical 
nitre (nitrate of sodium, NaNOj), and a few varieties of 
coal. 

5. Nitrogen may be prepared in several ways ; hut the 
easiest is by depriving atmospheric air of its oxygen, by 
burning some combustible, as sulphur, spirits of wine, or 
phosphorus, in a confined portion of air over water. 

Ex. a . — Place a small piece of phosphorus, about the size of a pea, 
in a small porcelain capsule floating on the water in the pneumatic 
trough, or in a deep basin. Light the phosphorus, cover it with a 
jar of air, and let it burn out. The water will have risen in the jar 
. and the space above will be filled with white fumes of phosphoric acid, 
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PO*r thcFft will, however, soon be absorbed by the water leaving: the 
nitrogen pure. 



The gas so formed may be decanted 
into other jars, as in the diagram, and 
its properties examined. 

Ex. b . — Attach a small piece of wax 
taper to a cork ; light the taper, float the 
cork in a deep plate, full of water, and. 
while the taper is burning cover it ovet 
with a glass receiver. It w’ill be seen, 
that the light of the taper will become 
dimmed, and in a short time go out. 
This is because it has consumed all the 


oxygen of the air that was in the jar; 

Fig. 19. what is left is nitrogen, mixed with 

•orac carbonic acid. It may be deprived of this latter by using lime 
water to stand the jar in, instead of common water. 
There must also be enough water that it may rise 
/ \ in the jar, according as the combustion goes on. 

/ \ The taper does not consume quite all the oxygen in 

the jar, but so nearly all that the nitrogen is suffi- 
ciently pure for ordinary experiments. 

I Ex. c . — If two jars be taken, one full of oxv- 

r gen, and the Other full of 'nitrogen gas, a lighted 

taper introduced into the nitrogen is immediately 
extinguished ; but if it has prc\iously been allowed 
'yj 2 ^ to burn till the wick is red, and the least red spark 

remain on withdrawing it from the nitrogen, — it 
will be rekindled mi transferring it quickly to the jar of oxygen gas, 
and again extinguished in the nitrogen ; this may be repeated several 
limes in the same portions of gas. 


Rt. d . — Wash a piece of lean beef well, cut it into verv small bits, 
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and put them into a glass flask or retort ; pour in some diluted nitric 
acid, and then set the retort over a lamp, and receive the gas which 
comes over at the pneumatic trough in the usual way. It is nearly 
pure nitrogen. 

6. Besides entering into the composition of atmospheric 
air, nitrogen combines with oxygen to form a series of five 
chemical compounds, remarkable as illustrating in a striking 
manner the law of multiple proportions (Chap. III. § 29) 
These compounds are as follow : — 

Nitrous Oxide Gas NoO — 44 

Nitric Oxide Gas NO ==30 

Nitrous Anhydride N.O3 = 76 

Hyponitric Anhydride NO> ^ 46 

Nitric Anhydride = 103 

7 . Protoxide of Nitrogen, Nitrons Oxide, or Laughing 
Gas, NoO. — This is a colorless, transparent, odorous 
gas, having a faint, agreeable smell, and a sweetish taste, 
ft is considerably heavier than common air. At 33® and 
under a pressure of 30 atmospheres* it becomes a liquid; 
and 150® below 0® it solidifies. 

8. It supports the combustion of burning bodies with 
almost as much brilliancy as oxygen : from this, however, 
it may be distinguished by being readily absorbed by cold 
water, which dissolves fths of its own volume ; hence warm 
water must be used in collecting this gas at the pneumatic 
trough. 

9. When taken into the lungs it produces in most per- 
sons a sort of intoxication, generally accompanied with 
pleasurable sensations, and not followed by unpleasant 
symptoms. Sometimes it acts injuriously, producing a 
sort of stupor, causing the experimenter to fall senseless 
for a few seconds, and then recover with confused ideas and 
headache : this, however, rarely happens, if the gas be 

* By an atmosphere is meant a pressure of fifteen pounds on each 
square inch of surface. Thirty atmospheres will therefore be equal to 
460lbs. per square inch. 
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• 10. Nitrous oxide is prepared by placing solid nitrate of 
ammonium, (NH4NO3) in a retort, or m a flask with n 

bent tube, and gently 
lieating it ovcra lamp 
The nitrate at first 
melts, and when the 
temperature rises to 
340° F., it boils, and 
is entirely decom- 
posed into water and 
gas ; the latter may 
be received into jars, 
filled, as already men- 
tioned, with warm 
water. 

11. The following diagram, adapted from that given by 
Professor Graham, will illustrate the decontpositiou that 
takes places : — 

After Decomposition, 

14 , — j NitrousOxide, 

1 ..*;;..^ / 

*/*.*• /Water, 

- V>(H30-18. 

10 •• Water, 

16-’ 11.0"= 18. 

80 SO .80 

Or in symbol#; — 

NH.NO, = N.0 + 2H,0. 


Before Decomposition. 


D , Ammonia, j H == 
§S NH,«17 H- 

ill 

<d*j (H-- 

2 33 Nitric Acid, ) ^ 

» V 0 = 



t.— Fill a wide test tube or small jar with the gas, and plnnge 
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into it a taper with a glowing wick ; the taper will be flighted and 
burn with brilliancy. 

£jr, f. — Perform experiments 
with charcoal, phosphorus, and iron 
wire, similar to those described under 
oxygen (page 6), almost equally vivid 
combustion will ensue, and the pro- 
duets will be the same, for the burn- 
ing bodies decompose the gas uniting 
with the oxygen and leaving the 
nitrogen in the jar. 

g. — Perform a similar experi- 
ment with sulphur, and notice, that 
if the sulphur, when put into the gas, 

is only just burning, with a weak bluish Fig. 88. 

flame, it will be extinguished; but if it is already burning vividly, ils 
splendor will be greatly increased. Note also that the flame is of a 
beautiful rose color, and not blue as in pure oxygen. 

Et, h. — Fill a bag or large-sized bladder, 
fitted with atubc and stop-cock, with some of the 
gas, taking care that it is pure. Then closing 
the nostrils with one hand, breathe out as mucli 
air as possible from the lungs, apply the tube 
(with the stop-cock already turned on) to tln^ 
mouth, and keeping it there, breathe the gas 
from and into the bag, as long as possible, and 
the intoxicating effect already described will 
he produced. This experiment should be per- 
formed in a large open space, lest the experi- 
menter should injure himself or others, in his 
temporary madness. 

It must never be tried by persons who have 
a determination of blood to the head, 

12. Binoxide of Nitrogen or Nitric- 
oxide gas, N.jOi or NO. —This gas may be 
prepared by pouring diluted nitric acid 
over some copper turnings or pieces of 
copper wire, in a retort or gas bottle, 
similar to that used in preparing hydro- 
gen. No heat need be applied, and 
the gas may be received over cold 
water. Fig. 86. 
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12. The ffas is obtained by the deoxidation of Nitric 
acid (HNO3), which is generally effected by means of 
copper (Cu). 

For complete decomposition there must be eight atoms of the 
acid to throe atoms of the copper, as may thus be shown 
3Cu + 8(HN08) = 3 (Cu2N08) + + 2NO. 

The process may be divided into two stages, as follows t*— 
let. Two atoms of the acid are acted on by the three atoms of 
the metal, each of which unites with one atom of oxygen, 
forming the protoxide of copper, CuO, while one atom of 
water (H 2 O) and two atoms of Nitric oxide (NO) are libe* 
rated, tlius ; — 

8Cu + 2(HNO.) = 3CuO + H'O + 2NO. 

2nd. The three atoms of Oxide of Copper are dissolved in the 
remaining six atoms of acid j the throe atoms of copper (a 
diatomic metal) replace the six atoms of liydrogen and form 
three atoms of nitrate of copper 3(Cu2N03) ; while three 
atoms of water 3(HiO) are fonned by the union of the hy- 
drogen of the acid with the oxygen of the oxide ; thus ; — 
8CuO + 6(HNO,) = 3 (Cu 2N03) + SHjO. 

14. The decomposition may also be shown by the follovr- 
ing diagram : — 


2(IINO.) = 

30ii = 
6 (IIN 03 ) ^ 


acu" 


f 6II 

i 6(N03) 


2(K’0). 

-^8(Cu2N03). 


15. Nitric oxide is colourless and transparent, rather 
heavier tlian common air, very slightly soluble in water, 
incombustible, irrespirable, and incapable of maintaining 
ordinary combustion. 


16. The most remarkable as well as most usefiil pro- 
perty of binoxide of nitrogen, is its power of instantly 
absorbing oxygen from the air, becoming then a dark red- 
dish gas, byponitric anhydride, NO+0 = NOj. 
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Ex, ». — Pul some copper wire, or a leaf or two of Dutch gold 
'which is principally copper,) into a test tube, and add a few drops of 
nitric acid, the met^ will be dissolved, and the upper part of the tube 
will be filled with orange red fumes of nitrous gas caused by the union 
n{ the binoxide of nitrogen with the oxygen of the air. If the tube 
he looked m/o, the solution appears green, but becomes blue on the 
addition of a little water : the green color is caused by the orange- 
( olored gas mixing with the blue liquid; when this gas is dissolved by 
the water or otherwise removed, the blue color is made apparent 

Er. k . — Into a tall jar, half filled 
with nitrous oxide and standing on 
the shelf of tljr* pneumatic trough, 
pass up a few bubbles of air, or, still 
better, of oxygen gas; notice the red 
fumes of nitrous acid (NO,) produced, 
and the rise of the water, owing to the 
rapid absorption of the acid. 

Ex. 1. — Perform the same experi- 
ment, having first, either filled the jar 
with water colored blue by litmus, or 
put into it a piece of blue litmus paper; 
the reddening of the blue color proves tl 

Ex. m . — Introduce a lighted taper or a piece of burning sulphur 
into a jar of nitrous oxide; the flame 
will be extinguished. The heat evolved 
being insufficient to decompose the 
gas. 

Ex. n. — Instead of sulphur use. 
charcoal or phosphorus ; these will 
burn with great brilliancy, the high 
temperature decomposing the gas, 
which yields its oxygen to the burn- 
ing body at the same time that the 
nitrogen is disengaged. 

17. Nitrous Anhydride, 1 his substance may he 

prepared by mixing four measures of nitric oxide with one 
of oxygen, both perfectly dry, and exposing the mixture 
to great cold, by which it is condensed into a volatile green 
liquid. 

It is of no practical application or importance. 




Fig. 26. 

formation of an acid. 
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18. Hn^onitrio Anhydride, NO 2 .— This body is termed 
by some chemists Hyponitric Acid. Jt has already been 
noticed as forming the red vapours arising from the com- 
bination of nitric oxide with oxygen. By great cold it 
can be condensed into a very volatile and nearly colourless 
liquid. 

Both this and the previously named body are decom- 
posed by water, being resolved into binoxide of nitrogen 
and nitric acid. 

19. Hyponitric Anhydride may be obtained by heating 
carefully dried nitrate of lend in a retort, and condensing 
the vapour in a receiver surrounded with ice. 

4(Pb2N03) = 2PbO-f 20 + 4N0,. 

20. Nitric Acid, HNO3. — This is the most important of 
the chemical compounds of oxygen and nitrogen. It has 
been known from an early period, under the name agu<t 
fortis, which it obtained from its power of rapidly dissolv- 
ing most of the metals. 

21. Nitric acid may be obtained by distilling in a retort 
equal weights of nitrate of potassium (KNO 3 ), and sulphu- 
ric acid (H2SO4), that is, one proportion of the former and 
one of the latter. The sulphuric acid displaces the nitric- 
acid and unites with the potassium to form acid -sulphate 
of potassium, thus — 

KN0, + H,S04 --- KHSO 4 + HNO 3 . 

22 . Pure nitric acid is a colourless liquid (spec, grav 
1 . 517 ). It is exceedingly corrosive, and has an intensely 
sour taste. It stains the skin and nails of a deep and per- 
manent yellow, and rapidly decomposes animal and vege- 
table substances. 

23. The acid thus described is in reality a hydrated 
acidf consisting, when strongest, of 1 molecule of abso- 
lute nitric acid NA, and 1 molecule of water HA so that 
ita symbol is HjO,NA ~ HoNaOs = 2 (HNOj). 

24* Nitric Anhydride, NA- — T^^^s substance has 



MICTALLOIBS.— IfITROGEy. 


been obtained by passing a current of dry cbiorine gas, 
(!j, over dry and heated nitrate of silver, AgNO,, thus— 

2Cl + 2AgN03 - 2AgCl + 04-NA- 

It appears in the form of white prismatic crystals; 
though it has not yet been thoroughly examined, it seems 
to be destitute of acid properties so long as it continues in 
the anhydrous state. 

25. Nitric acid is used for etching on copper, for dis- 
solving and separating metals, also by surgeons as a caustic. 
In consequence of the large proportion of oxygen it con- 
tains and the facility with which it parts with it, nitric acid 
is frequently used by the chemist as a means of oxidation * 

26. Nitric acid occurs in nature, chiefly in combination 
witli potass, forming nitrate of potassium (KNOa) or salt- 
}>etrej or with soda, forming nitrate of sodium (NaNOj) or 
cubical nitre. 

27. Nitric acid is found in small quantity in rain water, 
especially after thunderstorms. Every flash of lightning, 
and every electric spark which passes through the air, is 
believed to cause a minute portion of its oxygen and nitro- 
gen to combine and form nitric acid, which is dissolved by 
the falling rain. 

Ex, 0. — I>cf nitric ncid vnpor pass slowly through a heated earthen- 



* When a substance combines with oxygen, it is said to he txidistd 
or to und^rtro 
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ware tube : it will be decomposed into oxygen and nitrous acid If 
exposed to a dull red heat, and into oxygen and nitrogen gases if 
the tube be heated to whiteness. 

Ex. p. — If a weak solution of indigo in sulphuric acid l)e poured 
into a glass and a little nitric acid be added, the blue color will be 
destroyed, especially if the liquid be heated. 

Ex. q. — The acid properties of Ibis substance will be pioved by 
tasting it, tvhen greatlj/ diluted, and by its reddening litmus paper. 

Ex. r. — Dip a quill, a little white worsted, flannel, or wool into 
some strong nitric acid, and it will become vcllow, either directly or 
when exposed to the light for a short time. On removing the article 
from the acid it should be immediately w'ell washed in water to pre- 
vent its destruction. 

EXERCISES ON CHAPTER VIII. 

1. State the properties of nitrogen. 

2. By whom and when w'as nitrogen discovered r Why is it ho 

named ^ 

3. By whom was it termed azote, and whv ? 

4. Why is nitrogen an important element? 

5. State and explain some methods of obtaining nitrogen. 

6. What remarkable scries of compounds does nitrogen form with 

oxygen ? Why is it remarkable ? 

7. Describe the properties of protoxide of nitrogen. 

8. How may protoxide of nitrogen be distinguished from oxygen ? 

9. What is the effect of breathing nitrous oxide gas ? 

10. How may nitrous oxide gas be prepared ^ 

11. Exydain fully the decomposition of nitrate of ammonium by heal. 

12. How may binoxide of nitrogen be procured P 

13. Explain the decomposition in words. 

14. State the same in symbols and by diagram. 

15. Name some of the properties of nitric oxide gas. 

16. What is its most useful property ? 

17. How may hyponitrous anhydride be prepared, and what are its 
properties } 

18. What are the properties of nitrous anhydride ? 

19. How is nitrous anhydride prejiared.^ 

20. Give the symbol and equivalent of nitric acid. 

21. How is nitric acid obtained? Give the formula of the process. 

22. State the properties of nitric acid. 

28. What is the real composition of nitric acid ? 

24. How has nitric anhydride been obtained, and what are its properties^ 

25. Name some of the uses of nitric acid. 

20. How does nitric acid generally occur in nature ? 

27. How is the presence of nitric acid in rain water accounted for ? 
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CHAPTER IX. 

ATMOSPHERIC AIE. 

1. Air is the transparent, colorless, invisible, and elastic 
fluid, which everywhere surrounds the globe, extending 
above its surface to the height of from 40 to 50 miles. 

2. The air was fortnerly supposed to be a simple body, 
but is now known to be a mechanical mixture of several 
gases, the moat abundant of which, are oxygen and nitro* 
gen : besides these, it contains carbonic acid gas, and 
watery vapor, as well as traces of nitric acid and ammonia. 

3. The quantity of these last named bodies present in 
the air, being dependent on local causes, varies considerably ; 
not 80 with the oxygen and nitrogen. Air brought from 
great heights and great depths, as well as from regions of 
the globe far distant from each other, always presen In 
these gases, combined in a uniform ratio. 

4. Four-fifths of any volume of air are found to be 
nitrogen, and the remaining one-fifth, oxygen, or more 
exactly, 100 measures of hir 79*19 nitrogen + 20.81 
oxygen. 

5. Every 100 parts by weight of air contain 77 parts by 
weight of nitrogen and 23 of oxygen. The former of 
these numbers is not a multiple of 14, the atomic weight 
of nitrogen, neither is the latter a multiple of 16, the atomic 
weight of oxygen, as they would necessarily be, by the 
law of multiple proportions, if the air were a chemica. 
compound, and not a mere mixture of the gases. 

6. A better idea of the relative proportions of the 
elements of the air may be obtained by supposing the 
atmosphere to be of the same density throughout, and its 
elements arranged in strata according to their specific 
gravities. “In such a case, the atmosphere would be five 
miles in height. Tiie greatest quantity of watery vapor 
would, if condensed, form a layer or stratum of water about 
five inches deep ; the layer of carbonic acid, next above, 
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would be about thirteen feet deep ; that of oxygen, one 
mile ; and that of nitrogen, four miles.’* 

7* The chemical properties of the air are chiefly those of 
the oxygen it contains. It is this gas, diluted and weakened 
in its energetic influence by four times its bulk of nitrogen, 
which renders atmospheric air the universal sustainer ol 
animal and vegetable life. 

8. Tlie nitrogen in the air is not only useful, by diluting 
the oxygen as just stated, but also by increasing the bulk 
of the atmospliere without giving it any active chemical 
properties. “ By this increase in the volume of the 
atmosphere, provision is made for the occurrence of winds, 
the diffusion of heat, the tempering of climate, and other 
useful ends essential to the welfare of man.” 

9. The atmosphere is the great conductor of sound j 
without it there M^ould be perfect silence everywhere. It 
also refracts and reflects the rays of light ; were there 
no atmosphere, tliere would be total darkness, except just 
at the spot on which the sun was shining. 

10 The presence of oxygen in the air is shown by the 
})roduct8 of combustible bodies when burned in it being 
exactly similar to their products when burned in pure 
oxygen. Thus, hydrogen burning in the air becomes 
water, the oxide of hydrogen ; iron exposed to damp air 
becomes oxidised or rusted. 

Ejf. a. — Take a tube graduated or divided into a hundred equal parts, 
and place it mouth downwards on the shelf of the pneumatic trough. 
Fasten a piece of phosphorus to a stiff wire, and pass it up into the 
jar, and leave it so without disturbing it for 12 hours or more. The 
phosphorus will .slowly combine with the oxygen of the air forming 
phosphoric acid, P^QiW'hile the water v^ill rise in the tube, and on 
drawing out the phosphorus, will be found to occupy 21 divisions, 
leaving 79 divisions filled with nitrogen. This is the plan already de- 
scribed for obtaining nitrogen, only the decomposition in that case 
was more speedy in consequence of the ignition of the phosphorus. 

1 1 . If oxygen and nitrogen in their proper proportions 
of one to four be mingled in a receiver, we obtain an arti- 
ficial air having the same properties as natural air. Air is 
thus ahewn to be a mechanical mixture, and not a chemical 
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componnd, for noue of the properties of its constituent 
elements has been changed, and no diminution of to- 
lume has taken place, though one, if not both, of these 
results occur in every case of chemical combination. 

12. The thorough intermingling of the gaseous elements, 
which causes the air to have everywhere the same uniform 
composition, is brought about by what is called the law of 
gaseous diffusion, 

13. The operation of this law may be shewn thus ; — 

Ka'. b . — Let two vessels be placed one above the other, 
and connected by a narrow tube of convenient length, fig. 

29. Let the lower vessel be filled with carbonic acid gas, 

(see page 67, § 7), and the upper one with hydrogen. 

After a short time the carbonic acid, though twenty times 
heavier than the hydrogen, will he found to have ascended 
into the upper vessel ; while hydrogen will have descended 
‘iito the lower one, — a complete intermingling of the two 
gases having taken place, against the action of gravity. 

14. All gases possess this property of diffusing 
into each other, although at different rates of 
velocity, depending on their density : the lighter 
the gas, the more rapid is the diffusion, and 
consequently, a larger volume of the lighter gas 
passes in one direction, than of the heavier gas 
in the other.* 

15. The effect will be produced, even though 

a piece of bladder, sheet India rubber, or some similar 
harrier iutervene. 

Ex. c. — Take a piece of wide glass tube ten or twelve inches long, 
and close one end with a plug of plaster of Paris, about half an inch 
thick, and well dried. Fdl the tube with hydrogen by displacement, t. e. by 
iiolding it over a jet of the gas from a bladder, or from the generating 
bottle, fig. 14 ; and then set it mouth downwards, upright in a glass of 
water. The gas will be so rarefied by its diffusive power, being 
greater than that of common air, that the water will rise in the tube 

• “ The replacing volumes of the gases, and consequently the velo- 
cities of their diffusion, are inversely as the square roots of their 
densities.’’ — Wilson, 
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several inches above the level of the water in the glass ; for the light 
hydrogen has escaped faster than the heavier air could descend 
through the plaster of Paris to supply its place. 

16. The foul air produced by animal respiration as well 
ns that arising from numerous other sources of contamina- 
tion, is perpetually removed by diffusion, and the atmo- 
sphere is thus preserved pure and respirable. 

17. As the space occupied by a given weight of a gas 
varies according to the temperature and pressure, it is 
necessary to have a fixed standard of comparison which is 
now usually expressed according to the metric system of 
weights and measures : — 

Standard Temperature = 0° Centigrade, or 32^^ Fahr. 

Standard Pressure = 760 millimetres of mercury. 

18. At the above standard temperature and pressure 

1 Litre of Hydrogen weighs nearly .0894 grammes. 

Hence, under the same circumstances 

1 Litre of Oxygen, weighs 16 x .0894 = 1.430 grammes. 

„ Nitrogen „ 14 x .0804 = 1 251 „ 

„ Chlorine „ 35.5 x .0894 = 3.173 „ 

19. Sometimes the standard pressure and temperature 

are taken on the English scale : — 

Standard Temperature = 60® F. 

Standard Pressure == .30 inches of mercury. 

20. At this standard temperature and pressure : — 

1 grain of Hydrogen occupies 4G| cubic inches 5 
while 16 grains of Oxygen . . . . . 

14 „ Nitrogen . . . . | severally 

„ ,, Chlorine . . . . [ occupy 

12 „ ,, Carbon (vapour) . . /' tlie same 

32 „ „ Sulphur (vapour at 1900®) I space. 

&c., &c. / 

21 . The atomic or combining volumes of the eletnentary 
bodies in a gaseous state (under the same circumstances of 
pressure and temperature) are thus seen to be equal to 
each other, and are often symbolically represented by a 
•ingle square, thus : Ql . 
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22. The atomic or combining volume of a compound gas 
or vapour is found to be double that of the simple gases, 
hence it is symbolically represented by a double square, 
thus 

23. From the foregoing we obtain the two following 
laws : — . 

1. The densities of the elements in the gaseous state 

are proportionate to their combining weights. (The 
density of Hydrogen = 3.000). 

2. The densities of the compound gases are (for the most 

part) proportionate to half their combining weights. 


Tlius, the density of Steanij 
Hydrocliloric Acid, 
Carbonic Acid, 
Ammonia, 

Nitric Oxide, 
Marsh Gas, 

Olefiant Gas, 


H..O =r 18 +2 = 9. 
HCl 36.5 2 =18.25. 
CO^=44 -s-2 = 23. 
NH3=:17 -i-2= 8.5. 
NO =30 -^-2 = 15. 
CH4 = 16 -h2 = 8. 
C«H4=28 +2 = 14. 


24. The densities of the simple and compound gases 
thus obtained on the hydrogen scale (Hydrogen == 1.000), 
may be readily reduced to the usual or atmospheric scale 
(Air == 1.000) by multiplying them by .07, or more accu- 
rately by .0092, which is the density of hydrogen as com- 
pared with air. 

25. All gases expand aUke, or very nearly alike, when 
their temperature is raised. 

This expansion is found to be of their yoluine at the freezing 
point (0° C.) for every increase in temperature of 1° Centigrade, or 
ihi their volume at the freezing point (32° F.) for every increase 
in temperature of 1° Fahrenheit. 

26. Hence the altered volume of a gas at a different 
temperature and pressure may be readily calculated, thus; — 


As 


Metric Scale. 


given pressure : Standard pressure 1 

273 *273 + no._ofJegree8|: o'C. 


above 0° Cent. 


H altered 
volume 


English Scale. 

Am given pressure : Standard pressure \ 
490 s 490 + no. of degrees V: 

above 32° Fahr. / 


given vol. 
at 32° 
Fahr. 


M attered 
volume 
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EXERCISES ON CHAPTER IX 

1 . What is the air ? 

2. Of what is tlie air composed ? 

3. What is meant by the uniform composition of the airP 

4. State the proportions by volume of oxygen and nitrogen in the 
air. 

5. What are the proportions by weight of the constituent gases of 
tlie air ? What may be inferred from these i>roportions ? 

6. Illustrate the relative proportions of w atcry vapor, &c. found in 
the air. 

7. On what do the chemical properties of the air chiefly depend ? 

8. Of what use is the nitrogen in the air ? 

9. How does the atmosphere influence light and sound ? 

10. How may the presence of oxygen in the air be proved ? 

11. How may air be formed artificially.^ How may air be shewn to 
be a merely mechanical mixture? 

12. How is the uniform composition of the air secured ? 

..3. How may the diffusive power of different gases be illustrated ^ 

14. State the law of gaseous diflTusion. 

15. Illustrate the different velocities with which gases diffuse into 
each other. 

16. Wiiat benefits result from the diffusive power of gases ? 

17. Why is a standard temperature and pressure required ? 

18. State the weight of a litre of hydrogen, and calculate the weight 
•of equal quantities of the other gases. 

19. Give the standard temperature and pressure (i.) on the metric 
•system ; (ii.) on the English system. 

20. What space is occupied by one grain of hydrogen ? 

21. How are the combining volumes of the gaseous elements sym- 
bolized ? 

22. What symbol expresses the combining volume of a compound gas? 

23. What general laws may be stated relative to the densities of 
gaseous bodies ? 

' 24. How may the densities of gaseous bodies according to the hy- 
drogen scale be reduced to the standard of atmospheric air ? 

25. In what ratio do gases expand by alteration of temperature ? 

26. How may the altered volume of a gas be calculated ? 

CHAPTER X. 

CARBON. 

Symbol C. Combining eguimlent 12. 

1. Carbon is an elementary non-metallic body, widely 
.diftitod t&rougbout nature, both in a free state and in 
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combination with other elements. It is solid, tasteless, 
inodorous, and absolutely infusible by any degree of heat 
fit present known. 

2. The purest and at the same time rarest form in whicli 
carbon occurs, is that of the Diamond. The diamond is 
carbon in a crystallized state ; it is highly transparent and 
l)rilliant, and the hardest substance known. Diamonds are 
found in Golconda, Brazil, Peru, the West Indies, and the 
Uralian mountains. 

3. Graphite?* or, as it is sometimes called, plumbago, 
is another variety of nearly pure carbon, having a metallic 
appearance, and containing a very small proportion of 
oxide of iron in a state of mixture. It occurs in veins, 
mostly among primitive rocks, in Cumberland and various 
other parts of the world. 

4. Graphite is also frequently termed black-lead, but it 
contains no lead whatever. On account of its power of 
sustaining great heat without change, crucibles are frequently 
made of it ; but its best known use is for making drawing- 
pencils, for which only the finer and softer kinds are em- 
ployed ; the coarser varieties are used to give lustre to 
iron, as stoves, &c., or to lessen the friction of machinery, 
instead of oil or grease. 

' 5. Anthracitef is a third form of nearly pure carbon. 
I vis slowly combustible, but without flame, hence it has 
been called blind coal ; another name for it is glance coal, 
from the German glanz (lustre), because of its shining 
surface, 

C. There are several artificial varieties of charcoal em- 
ployed in the arts, such as wood-charcoal^ animal^charcoaf , 
eoke, and lamp-black, 

7. Common Wood charcoal is made by piling logs 
of wood in a conical heap, covering them with turf and 

* Graphite, from grapho^ I write, 

f Anthracite, from arOpa^y anihrav charcoal. 
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mould, and burning the mass slowly, small openings being 
left here and there to admit a little air. 

Ex. a.— Take a test tube fitted with 
a cork, and a piece of glass tube or 
tobacco-pipe, put iuto it a few chips of 
wood and heat them over a lamp, the 
gaseous constituents of the wood, 
oxygen and hydrogen, with a little 
carbon, will be driven off in the form 
of vapor of water and inflammable 
gas, which latter may be ignited, as in 
fig- 30, w hile the charcoal remains be- 
hind. 

8. Animal Charcoal, called 
also bone-black, or ivory-black, 
is a form of carbon, combining 
much mineral matter, obtained by beating bones and other 
animal substances in a retort, so long as any volatile pro- 
ducts are giveh off. 

9. Animal substances consist of oxygen, hydrogen, 
nitrogen, and carbon, combined with various earthy mate- 
rials ; when exposed to a high temperature, out of contact 
with the air, the gases are given off in different states of 
combination, and the carbon remains mixed with the 
mineral matter, principally phosphate of lime. If, how- 
ever, the animal substances be heated in contact with the 
air, the carbon also will be burned away, leaving only a 
white earthy mass behind, as may be seen by heating a 
none in an open fire. 

It is this earthy matter which gives to bones their hard- 
ness and rigidity. 

10. Coke is the black, porous mass left after heating 
coal in retorts, with the air excluded, as is done in the 
manufacture of illuminating gas. 

Coke ignites with difficulty, but gives out more heat 
when burning than an equal bulk of any other fuel. 

11. Lamp-black is the soot or condensed smoke arising 
from the imperfect combustion of tar, resin, and other in- 
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flammable substances containing hydrogen and carbon, with 
a limited supply of air. It is well known that an oil or 
catnphine lamp, turned up too high or having an insufficient 
draught of air, smokes ; this smoke, unless carried away 
by currents of air, condenses, and falls all round in 

blacks.” Lamp-black is much used in the manufacture 
of black pigments, such as printers’ ink, Indian ink, Frank- 
fort black, &c. 

12. Charcoal is a very indestructible substance, since at 
ordinary temperatures it is scarcely at all affected by air 
or moisture. Wooden stakes or piles are rendered more 
durable by slightly burning or charring their surface be- 
fore driving them into the ground. 

13. Charcoal possesses in a remarkable degree the 
power of absorbing gases, and retaining them in large 
quantities. This property of absorption varies with diffe- 
rent kinds of charcoal. 

Ex. h , — Fill a small jar or phial with the gas or fumes of ammonia, 
and place in it a piece of newly-burned charcoal, and close the jar. 
After a few hours the whole of the amiiionia will have been absorbed — 
no odor remaining. Box-wood charcoal is found to absorb ninety 
times its bulk of ammoniacal gas in twenty-four hours. 

14. Intimately connected with this property of absorbing 
gases is the power which charcoal possesses of removing 
offensive odors and checking putrefaction. It is a power- 
ful antiseptic.'^ 

The decay of meat and vegetables may be retarded by 
packing them ift charcoal. 

By charring the insides of casks, water may be kept a 
long time in them without spoiling. 

The disagreeable scent attaching to clothes and other 
articles, from damp sea voyages, diseases, peculiar medi- 
cines, occupations, &c., may be removed by wrapping 
them for a few hours with some pieces of animal charcoal. 
The same substance forms also a valuable tooth-powder. 

* Antiseptic, from ai'n, anti, against, and <ri|7r£tv, se-pein^ to cor- 
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15. Animal charcoal, and especially that variety termed 
bone-black, possesses an extraordinary power of removing 
coloring matters of animal or vegetable origin from their 
solutions. It is largely used by sugar refiners, who deprive 
brown sugar of its color by boiling it with charcoal made 
from charred blood, or fiiltering it through a layer of that 
substance coarsely pounded. 

Wood-charcoal has very little decolorizing power. 

Ex, <?. — Fold u piece of filtering paper or white blotting paper, so 
as to fit into a funnel. Fill it two-thirds full of bone-black, and let 
some water, colored with a few drops of black or red ink, filter 
through. The liquid will be rendered colorless. 

Ex. d. — The charcoal acts more powerfully if heated ,with the 
liquid to be bleached. Boil common vinegar, ume syrup of brown 
sugar, or some beer with a few spoonfuls of borie-black, all the color 
will be absorbed, and the liquid may be st fined off clear. 

16. The affinity of carbon for oxygen at a high tempe- 
rature is very great. It deprives most metallic oxides of 
their oxygen, and of course brings them into the metallic 
state. An agent which thus brings out metals from the 
ore, is called a reducing agent, and the process is termed 
reduction. 

Ex, e . — Mix 4 parts of red lead with 1 part of charcoal powder. 
Put the mixture into a crucible, or tobacco-pipe bowl, and stir them 
well together, so that the color may be a dirty brown. Put the cru- 
cil)le ijito a clear fire, and give it a red heat for a quarter of an 
hour; when suflSciently heated, pour out the contents of the crucible, 
and metallic lead will run from under the powder at the top. 

Ex*f , — If 2 grains of powdered charcoal and 4 grains of chlorate of 
potassium be carefully mixed in apiece of paper, then folded up, and 
placed upon an anvil — upon being struck by a hammer a violent deto- 
nation will take place. 

N.B. It is by no means easy to pulverize charcoal when cold ; 
therefore, when pounded charcoal is wanted, use a piece out of a 
charcoal fire, or burn a stick in an ordinary fire, cutting off the ignited 
portions. 

17. Charcoal, on the other hand, appears to exert an 
oxidiiing effect upon the gases and vapors it absorbs. 
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Thii effect is not jt^roduced but only induced by the 
charcoal which condenses the gases within its pores, and 
brings them into closer contact with oxygen, causing them 
to lose their characteristic properties, and form new com- 
binations. 

Ammonia, for example, changes into nitric acid, and sul- 
phuretted hydrogen into sulphuric acid. Thus : — 

NH,+40 = HNOa-fH.O. 
H,Sh-40-=H,S04. 

18. Charcoal, saturated with ill-smelling and offensive 
matters, as already mentioned, may be advantageously used 
for manure, fertilizing the soil with which it is mixed, and 
gradually yielding them as valuable nourishment to grow- 
ing plants. 

19. Carbon affords a good example of one substance 
appearing under different forms and possessing different 
properties. It is sometimes amorphous or shapeless, as m 
coke ; or crystallizing under two incompatible forms (dimor* 
phoui)y as in the diamond and in gruphHe. The property, 
which several elements have, of thus assuming different 
forms is termed allotropic, from uKkorpomg, changeable. 

EXERCISES ON CHAPTER X. 

1. State the symbol, combining equivalent, and general properties 

of carbon. 

2. Describe the purest form of carbon. 

3. 'What is graphite ? and where is it found ? 

4. For what is graphite used } 

5. What is anthracite 

6. Name some artificial varieties of carbon. 

7. How is common wood- charcoal prepared } 

8. What is animal charcoal ? 

9. Explain the process for obtaining animal charcoal. 

10. 'What are the nature and properties of coke 

11. Describe the nature and uses of lamp-black. 

2. Illustrate the indestructibility of carbon. 

iS. What is meant by the absorbent power of charcoal ? 
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14 . M^hence do the preservative properties of charcoal arise ? Give 
illustrations. 

16. Illustrate the decolorizing power of charcoal. 

16. How does charcoal act as a reducing or deoxidizing agent 

17. In what manner does charcoal exercise an oxidizing power ? 
Give examples. 

18. How' may charcoal, impregnated with offensive odors, &c., be 
made useful ? 

19. What is meant* by the term allotropic ? 


CHAPTER XL 

COMPOUNDS OF CAKBON. 

1. Caebon unites with oxygen in two proportions, 
forming two inorganic compounds of great interest, viz. : — 

Carbonic Oxide CO = 28 

Carbonic Anhydride COj = 44 
Carbonic Acid H^COa = 62 

2. Carbonic Acid Gas (CO.) is a colorless, inodorous gas. 

soluble in its own of water, and about one and 

a half times as heavy as common air. It has a slightly acid 
taste, and reddens vegetable blues, but the blue color 
returns as the acid volatilizes. It extinguishes burning 
bodies, and is fatal to animal life. 

3 . Carbonic acid exists abundantly in nature. In the 
gaseous state it forms g -g V i ^ th part of the atmosphere ; it is 
in solution in most spring water, and in some mineral 
waters to a considerable degree 5 it is found in the largest 
quantity, however, in solid combination with lime, mag- 
nesia, Ac., for it is a constituent of all chalk, limestone, 
marble, coral, and shells. 

4 . Carbon and oxygen, as already stated, do not appear 
to combine by direct action at common temperatures : but 
compounds which contain carbon, when undergoing the 
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process of fermentation, yield a large quantity of carbonic 
acid. It is given off by plants during darkness ; and is a 
constant product of respiration, of animal and vegetable 
putrefaction, and of combustion. 

5. Carbonic acid may be formed (synthetically) by the 
combustion of any substance containing carbon ; the 
several bodies named in the preceding chapter are shewn 
to be carbon from their each producing carbonic acid when 
burned. 

Ejt. fl.— Burn charcoal in oxygen gas, as 
directed on page 27, carbonic acid will be 
generated. 

Ea. b . — Hang a lighted taper in a bottle 
filled with common air, so long as it will bui n. 

The carbon of the candle will have united 
with the oxygen of the air to form carbonic 
acid. 

6. The presence of free carbonic 
acid may be tested by lime-water, 
with which it combines to form an insoluble carbonate of 
calcium or chalk, Ca COj. 

Ex. c.— On removing the candle from the jar in the last experiment, 
pour in a little lime-water, and having closed the top of the jar,* 
shake it well, the transparent lime-water will soon become milky, from 
the formation of carbonate of calcium. 

Ex. d . — Place a spoonful or two of fresh lime into a pint of rain- 
water, and let it stand for some hours, occasionally shaking it : the 
■water will dissolve some of the lime and form the lime-water alluded 
to in the last experiment. After it has settled, pour off the clear 
liquid into a stoppered bottle, and keep it for future use. 

Breathe through a tube into a wine-glass of lime-water, and the 
characteristic milky appearance will prove the presence of carbonic 
acid. 

£a, e . — Mix six grains of charcoal with 216 grains of red oxide of 
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* If using a stoppered bottle, be careful not to close it with the 
stopper, otherwise, on the absorption of the gas by the lime-water, the 
atmospheric pressure will fix the stopper, and render its remova. 
difficult. 
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mercury, and heat them 
in a test tube, receiving 
the gas as in the dia- 
gram. This gas may be 
proved, by the taper 
and lime-water tests, to 
he carbonic acid. Had 
the oxide of mercury 
been used alone, oxygen 
would have been given 
off, as on page 24; under 
the presentarrangement, 
however, instead of es- 
caping, it combines 
with the carbon, form- 
ing carbonic acid, leav- 
ing the metallic mercury 
behind. 

2HgO-fC=2Hg4-C02. 


Carbonic acid gas is generally obtained (analytically) 
through the decomposition of a carbo- 
nate by the addition of an acid. 

Fragments of chalk or marble (carbo- 
nate of calcium) are to be placed in such 
a bottle as was used in preparing hy- 
drogen ; and hydrochloric acid diluted 
with water is then to be poured slowly 
down the funnel. Carbonic acid gas 
will be rapidly evolved, and may be 
S3 collected as usual. 



CaC 05 + 2 HCl = CaCl 2 + ILO-f-COj, 



JEa-. /. — Pour a little hydrochloric acid 
upon some pieces of chalk in a large-mouthed 
jar, effervescence arises from the escape of 
carbonic acid, which, on account of its den- 
sity, will remain for some time in the jar : 
plunge a lighted taper into the gas, it will be 
immediately extinguished. 

p'. — Suspend a lighted taper in a jar, 
or, what is more striking, place several pieces 
at different depths, and then, having pre- 
viously filled another jar A with carbonic 
acid, either at the pneumatic trough, or 
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by displacement, pour the gas from it as in the diagram, just as you 
srould pour water, the tapers will be successively extinguished as the 
carbonic acid rises in the jar. 

The experiment may be varied by ladling the carbonic acid from the 
jar in which it was prepared in the preceding experiment, into that in 
which the tapers are, with a small glass 
or tumbler for a ladle. Also by placing 
the delivery tube of the generating ap- 
paratus, fig. 33, so as nearly to reach the 
bottom of the jar B. 

8. Owing to its great density 
or weight compared with common 
air, carbonic acid may be collected 
by displacement, as just shewn, 
that is by occupying the space 
previously filled by air, in the 
same way that water does when 
poured into an apparently empty 
vessel. For the same reason, it 
diffuses but slowly in the atmos- 
phere, and is hence apt to remain 
along time in old wells, brewers’ 
vats, cellars, &c., and has frequently proved fatal to persons 
who have incautiously descended into such places. (C^o/fc- 
ilamp.) 

9. Fatal accidents occur not unfrequently from inhaling 
the fumes of charcoal, burned in close, ill-ventilated rooms. 
These fumes consist of carbonic acid, mingled with car- 
bonic oxide, both gases being active poisons. Carbonic 
acid being a product of respiration, persons staying long 
in crowded apartments where there can be no current of 
air, will be destroyed by the accumulated gas, as in the 
well-known case of the Black Hole in Calcutta. 

10. Carbonic acid does not, like nitrogen, cause death 
simply by excluding oxygen, and thus producing suffoca- 
tion, but it is in itself a narcotic poison. Air containing a 
proportion of the gas insufficient to extinguish flame, will 
produce fatal effects if long breathed, gradually inducing 
stupor, insensibility, and death. 



Fig. 35. 
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11. In order to resuscitate persons who have been 
exposed to the poisonous action of carbonic acid, cold 
water should be freely dashed upon them, their hands also 
and feet should be briskly rubbed, until proper assistance 
can be obtained. 

12. In many places, where quantities of materials con- 
taining carbon are undergoing decomposition, streams of 
carbonic acid gas issue from the earth, particularly in the 
neighbourhood of volcanoes. There is a cave near Xaples, 
the lower part of which is covered with a stratum of this 
gas, which proves fatal to dogs and small animals who are 
immersed in it, while men may walk upright without 
danger. The Poison Valley in the island of Java is a 
valley surrounded with mountains, and filled to a considerable 
depth with this deadly gas. 

13. Carbonic acid may readi- 
ly be decomposed by heating a 
little potassium in an atmo- 
sphere of the gas. This may 
be done in a dry flask, filled 
with carbonic acid, by displace- 
ment ; or as follows : — 

Ex. h . — Adapt to the delivery tube 
of a generating bottle, A, a piece of 
a wider tube, or still better, one 
wdtli a bulb, B. hlow'n in it. Place 
some pieces of chalk in the gas bottle 
and pour over them some diluted hy- 
drochloric acid ; place also a globule of potassium in the bulb B. When 
the carbonic acid gas is passing over, apply a lamp, as in the diagram. 
The potassium will fuse and presently ignite, abstracting oxygen from 
the gas and leaving the black carbon plainly visible. 

1 

14. When subjected to a pressure of about 36 atmos- 
pheres =? 36X15 = 540lbs. per square inch, carbonic acid 
gas becomes a liquid lighter than water. The experiment 
is necessarily made in specially constructed vessels, gene- 
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rally of cast-iron. The liquefied gas, on being allowed to 
escape from the vessel in which it was formed, instantly 
returns to its gaseous condition, while a portion is imme- 
diately frozen by the cold produced by the rapid evapo- 
ration. A spirit thermometer placed in the jet of gas will 
sink to — 90*^ F., and if a little ether be previously placed 
in the vessel, its vapor issuing with the gas will cause the 
temperature to sink to — 194° F., the greatest degree of cold 
yet witnessed. 

15. Carbonic oxide, CO, is a colorless, inodorous, taste- 
less gas, but slightly soluble in water, and fatal to animal 
life. It will not support combustion, but burns, in the 
presence of oxygen, with a blue lambent flame, carbonic 
acid being the product of the combustion. 

16. Carbonic oxide may be obtained by passing carbonic 
acid through red-hot charcoal j the carbonic acid is de- 
composed, and yields half its oxygen to the burning 
carbon, C02+C=2C0. 

17. This takes place in an ordinary Are. The coal at 
the bottom of the grate, where the air is plentiful, receivet 
its full supply of oxygen, and becomes carbonic acid : the 
heated fuel above, where the quantity of air is limited, 
takes half the oxygen from this carbonic acid, and reduces 
it to the state of carbonic oxide, which passes to the top 
of the fire, and there, where air is once more abundant 
burns with its characteristic blue flame,* being again con- 
verted into carbonic acid. The several steps may be shown, 
as follows : — 

Ist step, C+20= CO2, at the bottom of the grate 

2nd step, COo-f. C = 2CO, passing through the fire. 

3rd step, 2004-20 = 2002, on the top of the fire. 

18. Oarbonic oxide may be obtained by heating a car- 
bonate such as chalk, with iron filings, or with charcoal; 

♦ It may be readily observed in a charcoal stove, or when an ordi- 
nary Are is burning clear or frosty, as it is sometimes termed. 
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iu either case the carbonate is decomposed, the iron or tlie 
charcoal absorbing a portion of the oxygen from the car- 
bonic acid. 

Thus:— CaCOa + Fe CaO+FeO-fCO. 

or CaC 03 +C = Ca04-2C0. 

19. The most convenient mode of preparing carbo- 
nic oxide is by gradually heating some oxalic acid, 
fl.c.o,, in a large retort, with about five or six times the 
iTeight of strong sulphuric acid. The oxalic acid is de- 
composed into car- 
bonic acid, carbonic 
oxide and water j 
by passing the gases 
through lime-water 
in a Woulfe’s bottle, 
the carbonic acid 
may be absorbed, 
leaving the carbonic 
oxide to be received 
at the trough in the 
usual way. 

20. The reaction arises as follows : — Oxalic acid contains 
one atom of carbonic oxide, one atom of carbonic acid gas, 
and one atom of water ; moreover the acid cannot exist 
except in combination with water or some base ; the 
strong sulphuric acid deprives it of its water of crystalli- 
zation, and the gases are immediately set free ; thus — 



21. Pure carbonic oxide may be obtained at once by 
the action of strong and hot sulphuric acid (HsSO^) on 
the ferrocyanide of potassium or prussiate of potass 
(K,FeCy) or (K 4 FeC 6 N,). 
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The decomposition is as follows : — 

K4FeC.N, + 6 (H,SO, + H.O) = 

2 (K.S 04+3 [ NH 4 ) 5 S 04 } + (FeSO^) + OCO 
That is : — 

Ferrocyauide of potassium and strong sulphuric acid 
yield, 2 of sulphate of potassium, 3 of sulphate 
of ammonium, 1 of protosulphate of iron, and 6 
of carbonic oxide. 

Ex, i. — For small experiments, the gas may he readily prepared in 
a test tube, by covering a little oxalic acid with oil of vitriol, and 
heating them together ; on the gas rising, it may he ignited at the 
end of the tube, as in hg. 30. 


EXERCISES ON CHAPTER XI. 

1'. Name the principal compounds of oxygen and carbon. 

2. State the properties of carbonic acid. 

3. Name some natural combinations of carbonic acid. 

4. How is carbonic acid generated in nature ? 

5. Illustrate the synthetical formation of carbonic acid. 

6. What is a test for the presence of free carbonic acid } 

7. Give some analytical process for obtaining carbonic acid. 

8. What consequences arise from the great density of carbonic 

acid } 

9. What are the injurious effects of ill-ventilated rooms ? 

10 How does carbonic acid differ from nitrogen in causing the 
death of those who inhale it } 

11. What means of restoration should be employed in the case of 

persons poisoned by carbonic acid gas ? 

12. Where may quantities of carbonic acid gas be found free in 

Nature ? 

13. How may carbonic acid be decomposed? 

14. Explain the liquefaction and solidification of carbonic acid gas. 

15. State the properties of carbonic oxide. 

16. How may carbonic oxide be obtained ? 

17. Describe the process of combustion in a common fire. 
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18. Explain the mode of obtaining carbonic oxide from a mixture 

of chalk and iron filings,^ 

19. Describe the process of obtaining carbonic oxide from oxalic 

acid. 

20. Describe the reaction that takes place on the decomposition of 

oxalic acid. 

21. How may carbonic oxide be obtained without any mixture of 

carbonic acid ? 


CHAPTER XII. 

CAEBON AND ITS COMPOUNDS — continued. 

1. Carbon combines with Hydrogen to form a very 
numerous class of compounds, termed Hydro-carbons, 
which are all highly combustible. Most, if not all, of 
these belong strictly to organic chemistry, inasmuch as 
they always arise from the decomposition of organic 
bodies. 

2. Two of these hydro-carbons, however, exist ready* 
formed iu nature, viz. : — 

Light Carburetted Hydrogen, {marsh- gas, or fire-damp^ 
CH4 «= IG. 

Heavy Carbnretted Hydrogen, (oZ(^a/if-(7a5,)CaH4 = 28. 

3. Light Carbnretted Hydrogen is a colorless, tasteless, 
and nearly inodorous gas, about half as heavy as common 
air, and but slightly soluble in water. It cannot support 
respiration, though it does not appear to be actually 
poisonous 

4. Like pure hydrogen, the light carbnretted hydrogen 
will not support combustion ; but unlike that element, 
which may be inflamed by a red-hot wire, it cannot be 
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ignited till raised to a white heat, when it burns with a 
yellowish flame : the products of its combustion in com* 
mon air, being water and carbonic acid ; thus — 

CH,-f40*:C0o+2H,0 

5. Light carburetted hydrogen is formed abundantly in 
the mud of stagnant pools and marshes, by the decompo- 
sition of vegetable matter under water^ hence it has been 
named marsh gas. 

6. It may be obtained from this source by stirring up 
the mud at the bottom of a pond, and collecting the 
bubbles of gas, as they rise, in a jar or bottle filled with 
water and inverted over them. The gas thus procured is 
almost always mixed with a little carbonic acid and nitro- 
gen, arising from the decaying vegetable matter. The 
carbonic acid can be removed by agitating the gas in a 
bottle with lime-water, while the small quantity of nitrogen 
will not interfere with the exhibition of the peculiar pro- 
perties of the marsh-gas. 

7. As coal is without doubt a substance of vegetable 
origin, it is not surprising that light carburetted hydrogen 
is frequently found in coal mines, issuing from fisssures 
in the strata or seams of coal, in consequence of the de- 
composition of that mineral. 

8. When mingled with from six to fourteen times its 
bulk of air, it forms the dangerously explosive mixture, 
termed by the miners, Fire-damp^ 

Carbonic acid, as already stated, is produced by the 
combustion, so that those miners who escape the immediate 
effects of the fire or the shock, are often suffocated by this 
poisonous and deadly gas, known by the miners as the 
after^blast or choke-damp, 

9. Light carburetted hydrogen may be obtained in 
purity by strongly heating in a retort or flask a mixture of 
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2 parts of crystallized acetate of sodium (NaCsHsO^-f CHO), 
2 parts of solid hydrate of potassium or caustic potass 
(KHO), and 3 parts of quicklime in powder, CaO. 



Fig. 38. 

The gas, which is disengaged in abundance, may be 
pollected over water, as usual. 

10. The acetate of sodium is first rendered anhydrous by 
the heat, and then decomposed, the elements of each 
atom of acetic acid uniting with the oxygen and hydrogen 
of one molecule of water and rearranging themselves into 
two atoms of carbonic acid (which remain in the re- 
tort combined with the potassium and sodium), and two 
atoms of light carburetted hydrogen. The use of the 
lime would seem to be to prevent the hydrate of potassium 
from attacking and fusing the glass vessels. 

The reaction may be expressed in the following formula : 

2(NaCJIA) + 2KHO = Na,C 03 + K 2 C 03 + 2CH4. 

Ex. a.— Fill a capped glass jar with the gas, screw a jet into the 
stop-cock, and depress the jar into the water of the pneumatic trough, 
10 as to force a stream of gas through the jet. Endeavour to inflame 
the gas by a red-hot wire, it will be found impossible to do so ; apply 
a lighted taper, and the gas will burn with a, pale flame, owing to the 
comparatively little carbon it contains (see page 34, § 16). 

iSr, 5.— Perform a limilar experiment with hydrogen and carbonic 
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oxide, and observe that each of these gases inflames readily at a red 
heat. 

Ex, c . — An impure light carburetted hydrogen is obtained from wood 
by simple heating. For this purpose sawdust or bits of shavings 
may be heated in a test-tube, and the gas burned in a jet, as fast as it 
is formed ; fig. 30. The flame is more luminous on account of the 
gas being mixed with heavy carburetted hydrogen, &c. 

11. Heavy Carburetted Hydrogen, C3H4, is frequently 
termed Olefiant* gas, from its property of forming an 
oily liquid when mixed with an equal volume of chlorine, 
even in the dark. The substance so formed is termed Butch 
liquid, irovci having been discovered by some Dutch chemists; 
it is a heavy, volatile, colorless liquid, possessing a sweetish 
taste and an agreeable odor. 

12. Olefiant gas is prepared by mixing strong alcohol 
or spirits of wine in a large flask or retort, with five or 
six times its weight 
of sulphuric acid, and 
applying heat. At 
first alcohol, and then 
ether, distil over ; but 
as the temperature 
rises, the mixture 
darkens, and gaseous 
products are evolved 
in abundance. These 
are olefiant gas, car- 
bonic acid, and sul- 
phurous acid ; the two last-named substances may be re- 
moved by passing the mixed gases through lime-water, 
as they come from the retort, or by allowing them to stand 
over water for some time. 

* Olefiant— oil-making, from o/enm, oil, and Jam, I 

make. 



Fig. 39. 
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13. A mixture of sulphuric acid and alcohol forms a pecu* 
liarcompound (Sulphovinic acid, C 2 H 8 S 04 -f H 3 O), which 
is readily decomposed by heat, yielding different products, 
according to the temperature employed. 

If the mixture boil at a temperature — 

Below 260°, the alcohol distils over unchanged. 

Between 260° and 310°, ether and hydrated sulphuric 
acid are formed. 

Above 320°, olefiant gas, &c. are produced as above 
mentioned. 

14. These changes may be explained by the affinity sub- 
sisting between sulphuric acid and water. When alcohol 
is heated with excess of sulphuric acid, so as to raise the 
boiling point above 320°, the acid separates the water from 
the olefiant gas, and the latter is given off*. 

C^HeO+H^SO^ = (H3S04+H20)-i-CjH4. 

The blackening of the mixture results from a secondary 
action of the sulphuric acid upon a portion of the alcohol, 
by which carbonic and sulphurous acids with other pro- 
ducts are formed while some of the carbon is deposited. 

15 . Olefiant gas is colorless and tasteless, soluble in 
about 8 times its bulk of water, and somewhat lighter than 
atmospheric air. It is fatal to animal life, and very com- 
bustible, burning with an intensely bright flame. When 
exposed under pressure to a degree of cold 166° below 0 °, 
it can be condensed into a transparent, colorless liquid. 

16 . For complete combustion : — 

One volume of marsh gas requires 10 volumes of air, 
or 2 volumes of oxygen. 

One volume of olefiant gas requires 15 volumes of air, 
or 3 volumes of oxygen. 
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17. The light emitted by ordinary coal-gas is due to 
the heavy and light-carburetted hydrogen which it con- 
tains : its illuminating power being in proportion to the 
quantity of the former. Various volatile hydro-carbons 
increase the luminosity of the flame, and give to the gas a 
peculiar odor. 

18. Gas for illuminating purposes is generally prepared 
from bituminous coal, by subjecting it to destructive dis- 
tillation in cast-iron retorts maintained at a bright red 
heat. 

19. A variety of gaseous and vaporous products are 
given off* during the process, the chief of which are olefiant 
gas, light carburetted hydrogen, sulphuretted hydrogen, 
carbonic acid, ammonia, and tar, while the carbon of the 
coal remains in the retort in the form of coke. 

20. The amount and character of products just men- 
tioned vary in proportion to the temperature to which the 
coal, &c., is exposed. The gases become more abundant 
with an increase of heat, but less valuable, on account of 
their losing carbon, and therefore burning with a less lumi- 
nous flame. 

21. Coal gas, as it issues from the retorts, cannot be 
directly employed for illumination, since it contains pro- 
ducts highly offensive to the smell, as well as some that 
would condense and block up the pipes through which 
they might have to pass. 

22. The gas, &c., on leaving the retort, is received in a 
large horizontal pipe half filled with water (the hydraulic 
main) ; from this it is made to traverse a series of iron 
pipes kept constantly cool (the refrigerator)^ till it reaches 
a vessel termed the condenser; during this course the am- 
monia, tar, and other vapors have been condensed. 

23. From the condenser the gas passes onward into 
another chamber (the ^urifier)^ where it is forced through 
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A cream-like mixture of lime and water, which remores the 
iOlphuretted hydrogen and carbonic acids. 

The gas, thus purified, is conducted into large reserroirs 
(ifoaometers), whence it is conveyed by pipes to the spots 
where it may be required. 

24. A gas (oil-gas) richer in heavy carburetted hydrogen, 
and therefore more valuable for illuminating purposes, may 
be obtained simply by dropping refuse oil, or resin, into 
red-hot retorts filled with coke. The gas so prepared is 
free from the sulphurous and ammoniacal compounds con- 
tained in coal gas, but the expense of the materials has pre- 
vented its general adoption. 

25. According to Dr. lire’s statement, 

1 pound of good coal yields 4 cubic feet of illuminating gas. 

1 ,, ,, resin ,, 10 ,, ,, „ „ 

1 „ ,, oil or fat 15 „ ,, ,, „ 

26. The same author computes that an amount of light 
produced from wax for one shilling, would cost SJd. from 
tallow, l|d. from oil, and somewhat more than }d. from 
coal-gas. 

** One pound of mould candles (six to the pound), if 
ourned in succession, will last 40 hours ; 11^ cubic feet of 
gas, burned at 500 cubic inches per hour, will give the 
same light for the same time.’* 

Ex. d . — Place a little coal at the bottom of 
a long test tube, and above it a loosely fitting 
plug of rag or paper moistened with water ; still 
nearer the mouth of the tube place another plug 
moistened with sugar of lead. Heat the coal 
by a lamp or blow-pipe flame, it will be decom- 
posed; the first plug containing Water will retain 
the ammonia, the second will retain the sulphu- 
retted hydrogen, and become black from the 
sulphuret of lead formed. Tbe gas as it issues 
from the jet may be readily inflamed. 

Ex. d. — Fill the bowl of a common tobacco- 
pipe with coal-dust, cover it with sand or clay, 
and place it in the fire; when hot, cuhu- 
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retted hydrogen ^ will be evolved, and may be lighted at the end 
the 8tem of the pipe. 

Ex,f , — Mix together 8 parts of oxygen and 1 of coal-gas Blow 
soap bubbles vrith the mixture, (as in ex. f. page 84), and inflame 
them by a candle ; they will detonate with a very loud report. 

Ex, g . — Mix together in a stout soda-water bottle 1 volume of coal 
gas and 10 of atmospheric air, cork the bottle and wrap it in a cloth to 
prevent accidents. Then uncork the bottle, and holding the mouth 
away from you, apply a flame to the mixed gases, explosion wll take 
place. This shows the care requisite in entering any apartment, in 
which an escape of gas has taken place, with a lighted candle. 

Ex. h . — Mix together in a tall glass jar 1 vo» 
lume of olefiant or coal-gas, and 2 of chlorine ; 
inflame them by a lighted candle, the result will 
be hydrochloric acid, with a deposition of char- 
coal. In this experiment the coal-gas is decom- 
posed, its carbon falls down, while its hydrogen, 
uniting with the chlorine, forms the acid men- 
tioned (chap, xvi). 

Ex. I. — Let a jar half full of olefiant gas be 
placed on the shelf of the pneumatic trough, and 
then filled up with chlorine gas. The gases will 
gradually unite, forming an oil-like substance, 
which floats on the water as it ascends in the jar. This shews the 
cause of the name olefiant. 


EXERCISES ON CHAPTER XII. 

1. What are hydro-carbons ? 

2. Name the most important hydro-carbons. 

3. State the properties of light carburetted hydrogen ? 

4 . What temperature is required for its ignition ? What are the 

products of its combustion in common air ? 

5. Why has it been termed marsh-gas f 

6. How may it be naturally obtained ^ 

7. In connection with what mineral is it found ? 

8. What is meant by fire-damp and choke-damp ? 

9. How may marsh-gas be artificially prepared ? 

1 0. Pescribe the reaction that takes place in the above process. 

11. What are olefiant gas, and Dutch liquid ? Whence do they de- 

rive their names ? 

12. How may olefiant gas be prepared ? 

G 9 
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13. State the pecniiarities in the decomposition of a mixture oi 
alcohol and sulphuric acid. 

14. How are the changes observed in the production of olefiant gas 
to be accounted for ? 

15. State the properties of olefiant gas. 

16. State the quantities of air or oxygen necessary for the com- 
plete combustion of marsh gas and olefiant gas. 

17. To what is the illuminating power of coal-gas due? 

18. How is illuminating gas prepared ? 

19. What are the chief products of the destructive distillation of 
coal P 

20. What effect has the heat of production on the luminous qualities 
of coal-gas? 

2 1 . Why does coal-gas need purification ? 

22. How are the vaporous compounds in coal-gas removed ? 

23. Why is coal-gas passed through lime-water ? 

24. How is oil-gas prepared, and in what respect does it differ from 
coal-gas ? 

25. State the comparative quantity of gas given from coal, resin, 
and oil. 

26. State the comparative cost of light produced from the com- 
bustion of different bodies. 


CHAPTER XIII. 

FLAME. 

1. Flame is the combustion of gas or vapor raised to so* 
high a temperature as to emit light as well as heat. 

2. Two conditions are necessary for illuminating flame, 
viz. : — a sufliciently high temperature, and the presence of 
solid matter within the heated space. 

3. The temperature may be very high, when the light ia 
feeble, as is seen in burning together pure oxygen and hy- 
drogen, the flame being scarcely visible in the day-time, 
though its heat is intense. (See Chapter V. §§ 15, 16.) 

4. The elements of wood, tallow, oil, illuminating gas, 
&c., with which oxygen unites in ordinary combustion, are 
chiefly carbon and hydrogen •, the former of these escapes 
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into the air as carbonic acid> the latter as water in the state 
of vapor. 

5. Ordinary flame is not a solid mass of fire, but rather 
a hollowy luminous cone, in the centre of which there is no 
combustion. 


6. In the burning of a candle, (which affords one of the 
best flames for illustration,) the wax or tallow being first 
melted by the heat, rises in the wick by the force of capil- 
lary attraction : and although the wick supplies some 
oxygen and hydrogen, by far the greater part of these is 
furnished by the decomposition of the wax or tallow, which 
burn in connexion with the oxygen of the air. The supply 
of heated vapor diminishes as it ascends, and eventually 
ceases, aud hence the flame of a candle tapers to a point or 
becomes conical. 


7. A flame, if carefully observed, will be found to con- 
sist of three distinct parts, viz. : — 

A dark central space, b ; a highly luminous cone en- 
veloping it ; and on the exterior a second faintly luminous 
cone, aa, having a high temperature. 


8. The dark central space, in which there is no com 
bustionjisfilledwith unburned 
gas arising from the wick. 

JEIr. a.— This may be proved by 
inserting one end of a small glass 
tube into the dark portion of 
the flame of a large candle; the 
unburnt vapor will escape through 
it, and may be ignited at the other 
end of the tube. 

Eif. b . — The fact that the flame 
is hollow may also be rendered ap- 
parent by stretching across it a fine 
iron or platinum wire, when the 
central portion of the wire will 
appear dark, while the parts near PI ^ 

the exterior of the flame are raised 
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to a white heat In this way we can readily ascertain where the tern* 
perature of the flame is greatest. 

E», c . — Hold a piece of wire gauze OTer 
the flame, and while combustion is going on 
only below, look down upon it and observe 
that in the centre there appears a dark spot, 
from which gas rises through the gauze, 
sun-ounded by a ring of liglu. 

9. The highly luminous cone sur- 
rounding the dark centre consists of 
carburetted hydrogen, or iUuminating 
gas, the hydrogen of which burns Jirst, 
Fig. 43. while the great heat evolved raises 

the particles of carbon to a state of intense ignition. 

10. In the faintly luminous exterior cone, the carbon 
particles are consumed, forming carbonic acid with the 
oxygen of the air. 

Far. d . — That the luminous part of the flame consists of intensely 
ignited particles of charcoal, may be shewn by introducing into it any , 
cold body, as a knife, a glass rod, an earthenware plate, or an iron 
spoon, which will become blackened by the decomposition of the lamp- 
black or carbon. 

11. The reason the carbon particles are not consumed 
loith the hydrogen in the highly luminous cone may be 
thus explained. Carbon and hydrogen differ in their 
attraction for oxygen, the latter greatly exceeding the for- 
mer ; consequently, when both are present, and the supply 
of oxygen is limited, the hydrogen takes all, leaving the 
carbon to burn where it can obtain a further supply of 
oxygen, which it does in the exterior flame. 

12. If oxygen be mingled with, or driven into the flame 
as in the oxy-hydrogen light (Chap. V. §5 18, 19), or by 
the ordinary blowpipe, the hydrogen and carbon burn 
together y and the luminosity of the flame almost entirely 
disappears. 

13. In an Argand burner, whether oil or gas, air is per- 
mitted to enter through the centre of a circular wick, or a 
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ring of gas jets, so that the intensity of heat is increased^ 
more gas is consumed in the same space than by any other 
mode of combustion, more carbon therefore is precipitated, 
and this being more intensely heated, greatly increases the 
luminosity of the flame. 

14. If the central opening through which the air is ad- 
mitted be closed, part of the supply of oxygen necessary 
for complete combustion is withdrawn ; the flame becomes 
elongated as if in search of air, the heat is less intense, less 
carbon is consumed, and being at a lower temperature, with 
a feebler light ; the unconsumed carbon gives a yellowish 
tinge to the flame, and is Anally deposited in the form of 
lamp-black : in short, the lamp smokes, 

15. The effect of diminished temperature on the bril- 
liancy, and on the very existence of flame, may be further 
illustrated as follows : — 

Ex. f. — Form a small coil of metal, by winding some copper wire 
several times round a pencil ; place the coil gently over the wick of a 
wax or composite candle, so as not to touch it, the flame will be ex- 
tinguished. The mass of metal being a good conductor of heat, 
abstracts it so rapidly from the burning gas, that the latter can nc 
longer maintain itself at a white heat, the temperature necessary for 
flame. If the coil be heated before trying the experiment, no such 
effect will follow. 

IC. A piece of wire gauze placed over a flame, as in 
Ex, c,, arrests it, not by stopping the passage of the burn- 
ing gas, but by cooling it below the necessary temperature, 
as it passes through. 

Ex, g. — Intercept a flame by a piece of wire gauze, and apply a 
light to the upper surface, the unconsumed gases which were rising 
through the meshes of wire will be inflamed. 

Ex, h, — Hold a piece of wire gauze over a jet from which gas is 
issuing) Apply a light above the gauze, the gas as it passes through 
will burn, but will not inflame that beneath. By gently raising the 
gauze the flame may be removed several inches above the gas jet. 

^ 17. The foregoing expenments illustrate the principle 
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the safety lamps invented by George Stephenson, the 
celebrated engineer, and by 
Sir Humphrey Davy, with a 
view to prevent the fatal ex- 
plosions of fire-damp so fre- 
quentin coal-pits. The Davy 
lamp consists of an ordinary 
oil-lamp, h, surrounded by a 
cage or casing of wire gauze. 
Oil is supplied through the 
opening at a, and the wick 
can be regulated by the wire 
c, without opening the gauze 
casing. Fire-damp can only 
be inflamed when raised to a 
white heat; if it come into 
contact with an unshielded 
candlcj it of course inflames 
and explodes immediately. 
The safety-lamp, however, 
guards against this explosion 
i)y confining the combustion 
of the mixed gases forming 
the fire-damp within the gauze cage, and preventing the 
flame from communicating with the rest of the fire-damp 
outside. 

18. The safety-lamp must be regarded not only as a 
security against sudden explosion, hut also as conveying a 
warning of danger, and affording time for escape ; for if 
the wire gauze should, by the ignition of a highly com- 
bustible mixture within, become ignited to whiteness, the 
dxterior gas would of course take fire, and explosion follow. 



19. Hemming’s jet for burning the mixed gases, already 
referred to (Chap. V. § 31), acts on a similar principle to 
that of the safety-lamp, the cooling power of the meta. 
tubes formed by the wires being so great as to preven 
the passage of flame 
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20. The inner luminous cone ($ 9), with the heated gas 
within, has deoxidizing effects — that is, it will reduce metallic 
oxides exposed to it to the metallic form. This it does 
because it contains much carbon and hydrogen, which take 
the oxygen from the oxide, passing off as carbonic acid and 
water, and leaving the metal behind. 

21. The exterior faintly luminous cone, on the contrary, 
has an oxidizing effect, owing to the abundant supply of 
heated air near it. 

Ex, i. — Hold a strip of tarnished copper upright in the flame of a 
spirit-lamp or candle, the part within the flame will lose its tarnished 
appearance, while the outer portion will become more deeply oxidized, 
and consequently darker. These changes may be readily observed by 
moving the metal to and fro, and noticing the variety of color pro- 
duced. 

22. The peculiar effects of the oxidizing and deoxidizing 
flames may be still better obtained by means of a blow-pipe 
or tube, through which air can be conveyed into the cen- 
tral space of unconsumed gases. (§ 8.) 

23. These gases being thus supplied with air, combustion 
goes on both in the centre of the flame and at its outer 
border, the heat is necessarily increased, and the flame 
elongated, consisting of two cones — the inner, blue; the 
outer, yellow. 

24. Between these two cones there is still a portion of 
the flame where consumed gas is present, as in § 9, and 
where the amount of white-hot carbon is ready to abstract 
oxygen from any oxide exposed to it. This part of the 
flame is therefore termed the reducing flame, and anytning 
to be reduced must be held within it. 

25. The extremity of the outer or yellow cone of the 
blow-pipe flame is termed the oxidizing flame, having 
a similar effect to the faintly luminous envelope of an ordi- 
nary flame, § 10. Substances to be oxidised should be 
held a little in front of the visible apex, for it is the 
heated air rather than the actual flame which prodaoea 
the oxidation. 
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EXERCISES ON CHAPTER XIIL 

1. Give a definition of fiame. 

2. What are the conditions necessary for illumination ? 

3. Illustrate the relations between the light and heat of flame. 

4. What becomes of the elements of a burning candle ? 

5. What is the character of ordinary flame ? 

6. Trace the progress of combustion in a candle. Give a reason 

for the conical form of its flame. 

7. Into what parts may an ordinary flame be divided ? 

8. In what part of the flame is there no combustion ? Give proofs. 

9. Account for the luminosity of Ihe inner cone. 

10. Where are the carbon particles consumed ? 

11. Why is the carbon not consumed in the inner cone? 

12. What would be the effect if the carbon and hydrogen burned 
together ? 

13. What is the principle of an Argand burner ? 

14. Explain the effect of diminished draught on an Argand burner. 

15. Illustrate the effect of temperature on fiame. 

16. Why does wire gauze intercept the passage of flame 

17. Describe the safety-lamp. 

18. When is a safety-lamp unsafe ? 

19. What is the principle of Hemming^s oxy-hydrogen jet ? 

20. Why does the body of an ordinary flame reduce metallic 
oxides ? 

21. How is the oxidizing effect of the exterior envelope of an ordi- 
nary flame accounted for ? 

22. How may the chemical effects of flame be more readily applied ? 

23. What is the effect of blowing air into the centre of a flame ? 

24. What is meant by the reducing flame of the blow-pipe ? 

25. Where is the gieatest oxidizing power of the blow-pipe flame ? 
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CHAPTER XIV. 

SULPHUR AKD SELENIUM. 

Sulphur. Symbol S ; combining weight 32 
Selenium, „ Se; „ «> 79 5 

1. Sulphur, or hrimdone^ is a yellow, brittle, crystalline, 
and combustible, solid ; tasteless, inodorous (except when 
rubbed), and perfectly insoluble in water. 

2. Sulphur is found pure or native in different parts of 
the world, often in connexion with beds of gypsum and 
rock-salt, but more especially in volcanic districts. The 
greater part of the sulphur of commerce is obtained from 
the island of Sicily, where it is quarried from large 
deposits. 

3. Sulphur in a state of combination is universally dif- 
fused throughout nature. It is found in plants and ani- 
mals, while in the mineral kingdom it forms the numerous 
and important compounds termed suljphurets or sulphides, 
and sulphates. 

4. Sulphur melts readily at a temperature of 226° F., 
forming a pale yellow liquid j at 300°, it begins to thicken 
and turn brown j at 450 , it changes to a thick, tenacious, 
treacle-like body ; at 480°, it becomes once more a thin 
liquid 3 and at 600°, it boils, giving off a deep reddish-brown 
vapor, which is condensed by cold into a fine yellow powder, 
termed flowers or rsXYier flour of sulphur. 

5. If the thick, tenacious, treacle-like substance just 
mentioned be poured into water, it becomes soft and 
elastic, like indian-rubber, and may be used for taking 
impressions of coins, seals, &c. This is an allotropio form 
of sulphur ; after a while it becomes once more brittle and 
crystalline. 
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6 . The process by which a solid substance is evaporated 
and again condensed into the solid form, is termed suUi- 
mation, as distinct from distillation^ in which the vapor is 
condensed into the form of a liquid. 

Ex. a. — Melt a quantity of sulphur in a crucible or deep iron ladle, 
then set it aside to cool ; when the surface is congealed, pierce the 
crust with an iron wire, and pour out the still liquid sulphur beneath ; 
let the crust, &c. remain till perfectly cold, and then, on turning it 
out of the crucible, the sulphur will be found in long needle-shaped 
crystals. 

Ex. b . — The union of sulphur with a metal, and thereby forming a 
sulphuret, has been already noticed {Chap. 111. Ex. e.) 

7. The purity of sulphur may be judged of by heating 
a portion on a piece of platinum foil ; if pure, the sulphur 
will burn away without leaving any residue. Common 
flowers of sulphur are sufficiently pure for all ordinary pur- 
poses. Roll sulphur is merely sulphur melted and cast in 
cylindrical wooden moulds. 

8 . Oxygen and sulpliur form several compounds, all of 
which possess acid properties, for there is no neutral oxide 
of sulphur known. The principal of these compounds are 
as follow : — 



Anhydride. 

Acid. 

Sulphurous . . 

so, , 

HaSO,. 

Sulphuric • • 

SOj ; 

H.SO,. 

Hyposulphurous . 

S.0 ; 

H.SjiO,, 

Hypo sulphuric . 

SjOj ; 

1 


9. Sulphurous acid gas, SOg. — When sulphur is heated 
in the air or in pure oxygen to about 300°F., it inflames, 
and combining with the oxygen, forms a colorless, trans- 
parent gas, liaving a peculiarly disagreeable taste and a 
most suffocating odor : this gas is sulphurous acid, and is 
given off every time a sulphur match is ignited. 

10 . Sulphurous acid gas is more than twice as heavy aa 
common air 5 it extinguishes burning bodies, is uninflam<* 
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mable, ana instantly fatal to animal life.* Cold water dis- 
solves about 35 times its bulk of the gas, v hich is evolved 
unaltered when the solution is heated. The aqueous so- 
lution, like the gas itself, has the property of bleaching 
some animal and vegetable substances. Hence the vapor 
of burning sulphur is used for whitening, silk, woollen 
or straw goods, discolored paper, and numerous other 
articles. 

Ex. c. — Burn sulphur in oxygen (as shown Chap. IV. 

Ex. c.), observe the formation of sulphurous acid ; wlien 
the sulphur has burned out, introduce a lighted taper 
into the jar, the flame will be instantly extinguished. 

Ex. d. — Immerse a piece of moistened litmus paper 
in a jar of the gas, or hold it in the fumes of burning 
sulphur, it will at first be reddened and afterwards 

slowly bleached. _ 

^ Fig. iS. 

Ex. e.— Dip a bunch of violets, a red 
rose, peony, dahlia, or some other flower, 
into a solution of sulphurous acid, or sus- 
pend it in the fumes of the gas, as in the 
diagram: the color will be speedily dis- 
charged. Moisten the bleached flower 
with some ammonia, the action of the sul- 
phurous acid will be neutralized, and a 
green color will be produced. 

Ex.f. — Pass some sulphurous acid through 
an infusion of red cabbage, which has been 
rendered green by mixing with it a little 
soda or potass ; the solution will gradually 
redden, and at length become colorless. Fig. 47. 

Divide the colorless liquid into two portions, add a little sulphu 


* “For this reason burning sulphur is used to destroy bees in the 
hive previous to taking the honey. A bundle of lighted matches will 
effectually destroy all the bees of a hive, sometimes 20,000 in number. 
Insects to be preserved for thecabinet are mostly killed by the fumes 
of sulphur, though the fumes of prussic acid are pnrferable, because 
sulphur sometimes injures their colors.'* — Firaneif. 
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ric acid to one, a red color will 
be produced; add some potass 
or soda to the other, and it will 
become green. This shews that 
the coloring matter, though ren- 
dered invisible by the gas, was 
not destroyed. 

11, Sulphurous acid gas 

may be readily liquified at 
the ordinary pressure of the 
atmosphere, by passing it Fig. 48. 

through tubes surrounded by a mixture of salt and snow, 
which produces a temperature of 0® ; or by subjecting it 
at the freezing point of water, 32®, to the pressure of two 
atmospheres. 

12. Sulphurous acid gas may be readily obtained by 
heating copper turnings, pieces of copper wire, or metallic 
mercury in a retort or tube with sulphuric acid. A portion 
of the acid is decomposed, and gives up one third of its 
oxygen to oxidize the copper ; this is immediately dissolved 
by another portion of acid, and forms sulphate of copper ; 
the sulphur of the decomposed sulphuric acid is set free in 
combination with the remaining two-thirds of oxygen, 
forming sulphurous acid gas, which may be collected over 
warm water, or by displacement. 

( Compare the process for obtaining Binoxide of Nitrogen^ 
Chap. VIII . §§ 13 , 14 .) 



13. Two atoms of acid are necessary to each atom 
of copper, to produce a perfect decomposition, thus — 

2(H2SO^)4"Cu = CuSO^ -f 2Hg04’ SOg. 
or, more fully, as follows - 
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14. Aqueous sulphurous acid may be readily formed by 
passing a current of gas through cold water, as shown in 
fig- 48. This solution may be kept unchanged as long as 
air is excluded ; but when exposed to oxygen it slowly 
combines with it, and forms sulphuric acid. The com- 
pounds of sulphurot/« acid are termed sulphtVe^. 

15. Sulphuric acid, This powerful acid has 

been long known and extensively employed in its hydrated 
state, that is in chemical combination with water. Two 
varieties of the acid are known in commerce, both of which 
are liquid. The anhydrous acid, as it is termed, is merelj 
an object of curiosity, and does not appear to possess acid 
properties {see Chap, VII. § 15). The names, symbols and 
equivalents of these three compounds, are as follows ; — 

Anhydrous sulphuric acid .... SOj =* 80. 
Hydrated sulphuric acid {oil of vitriol) HgO.SOg == 98. 
Nordhausen or fuming sulphuric acid, Ha 0 , 2 S 03 = 178. 

16. Sulphuric acid was formerly obtained by the distil- 
lation of sulphate of iron, FeS 04 + 7HO, called by the 
alchemists, green vitriol ; hence the acid is still sometimes 
termed vitriolic acid, though from its oily appearance, it is 
most commonly known as oil of vitriol, 

17. This process is still followed at Nordhansen in Sax- 
ony, hence the acid produced by it is termed No rd hausen 

■C'd ; its other niime of »nlnknrif» oid from 
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the fact of its emitting white vapors of hydrated sulphuric 
acid, H,SO^, by uniting with the moisture always present 
in the atmosphere. 

Tlje Nordhausen acid is chiefly prepared for the purpose 
of dissolving indigo, the solution so formed being very ex- 
tensively used as a blue dye. 

18. In order to procure the Nordhausen acid, the sul- 
phate of iron, FeSO 4-71TjO, is strongly iieated, so as to 
expel the greater part of its water of crystallization. The 
nearly anhydrous sulphate is then heated to redness in 
earthenware retorts, by which means it is decomposed ; 
half its sulphuric acid is resolved into sulphurous acid gas 
and oxygen ; the latter unites with the protoxide of iron, 
to form the sesquioxide ; while the other half of the sul- 
phuric acid comes over in combination with water, thus — 

4FeSO, + H,0 = 2Fe,03 +2SO, +H,0,2S03. 

19. Sulphuric Anhydride, SO,. — This substance 
may be procured by distilling strong Nordhausen acid 
at a low temperature, and receiving the vapor in a 
receiver kept very cool. It condenses into white, fibrous, 
solid, silk-like crystals, which liquefy at and boil at 
about 86^, forming a transparent vapor, provided no 
water is present. 

20. Hydrated sulphuric acid, H,SO^. — Sulphuric 
acid ill its most concentrated form is a hydrated acid, 
containing one equivalent of water, and is, perhaps, the 
most important of the acids. It cannot be procured by the 
direct combination of its elements, like carbonic or phos- 
phoric acids, which may be obtained by the simple com- 
bustion of carbon or phosphorus in oxygen. The product 
of the combustion of sulphur in oxygen is, as we have 
already seen, sulphurous acid gas ; this, however, may be 
oxidised by mixture with nitric acid vapor, and so con* 
verted into sulphuric acid. 
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21. Sulphuric acid is prepared on a large scale bjr 
heating sulphur and nitre in furnaces, and conducting 
the sulphurous acid and nitric acid fumes along with steam 
and atmospheric air into leaden chambers, the doors of 
which are covered with water. 



A is a boiler, 
to afford steam. ^ 

B is a small 
furnace in 
which sulphur 
is ignited. Over 

the sulphur is e pc 

another vessel, Fig. C9. 

supported on a stand, and containing sulphuric acid and nitrate of 
potass, the materials for making nitric acid, the formation of which 
commences as soon as the burning sulphur has imparted the requisite 
lieat. The sulphurous and nitric acid vapors thus produced pass with 
the steam from the boiler a into the leaden chamber, which is divided 
into two parts, c and k, by a partition d, nearly reaching to tlie floor. 
F is a pipe to carry off any uncondensed gases, and by means of it a 
slight current of air is maintained through the chamber, causing the 
gases to be more thoroughly intermingled as they pass below the 
partition (or alternately above and below, in a series of chambers). 
In this way the water on the floor soon becomes acid ; it is then 
drawn off, heated to 300o F. in leaden troughs, to evaporate part 
of the water, and finally concentrated in platinum stills, till it 
acquires a specific gravity of about 1.850 (water being 1), and boils 
only at 618o. Lead is used as a lining to the chambers, &c. because 
almost any other material would be destroyed by the acid, and even 
the lead itself is corroded by it when strong ; hence, notwithstanding 
the expense, platinum stills, costing from JSIOOO to JS2000, are used 
to concentrate the acid, being preferred to glass retorts, on account of 
their durability. 


£jt. g, — Sometimes, instead of forming the necessary nitric acid at 
the moment, vessels containing that acid are placed in the first cham- 
ber in the current of sulphurous vapor. Ignite some pieces of sulphur 
in a deflagrating spoon, and suspend them in a bottle containing a 
little water. After the flame has died out, hold in the sulphurous acid 
gis whicli fills the bottle a piece of flannel fastened to a glass rod and 
inotitened with nitric acid, orange-colonred fumes — hyponitric anhy- 
dride— -will immediately form, the sulphurous acid will be gradually 
oxidized, producing sulphuric acid, and the bottle will become clear. 
This is, on a small scal^ the process already described for the niaau- 
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faeture of the acid. To acidify the water to any great eitent, tha 
operation of igniting the mlphur, &c., must be repeated sereral timet. 

Es. h . — Sometimes the sulphur and nitre are mingled together before 
mixing. Mix tome small pieces of sulphur with one-eighth their 
own weight of saltpetre or nitre, and place them on a piece of lead or 
other metal in a shallow vessel filled with water. Ignite the sulphur 
mixture, and invert a gas jar over it while burning. The acid fumes 
that arise will he condensed by the water, forming an impure sulphu- 
ric acid. This liquid, as well as that resulting from the previous ex- 
periments, may be tested by blue litmus paper, the reddening of which 
will shew the presence of an acid ; or by adding to some of the water 
in a wine-glass a few drops of chloride of barium, when a white pre- 
cipitate of sulphate of barium will be formed, quite insolulde in water 
or in nitric or hydrochloric acids. The foimation of this precipitate 
is a sure test of the presence of sulphuric acid, either free or in a 
state of combination. 

22. The reaction occurring between the sulphurouB 
acid, the nitric acid, the steam and the air, during the 
process of manufacturing sulphuric acid, may be explained 
as follows : — 

1. Three atoms of sulphurous acid, 3SO,, abstract 

in the first instance two atoms of oxygen, 20, 
from each atom of nitric acid, forming 

with the steam three atoms of sulphuric acid, 
SfHaSO^), and leaving two atoms of binoxide of 
mJrogen, or nitric oxide, 2N0. 

2. This nitric oxide (as shewn Chap. Fill. § 16) in- 

stantly absorbs oxygen from the air, and is con- 
verted into hyponitric anhydride, 2N0,, giving 
rise to its characteristic orange-coloured vapours. 

8. Each atom of hyponitric anhydride so formed, parts 
with half its oxygen to two atoms of sulphurous 
acid, 2S0,, forming with the steam as before 
two atoms of sulphuric acid, 2H,S0^. The re- 
sulting nitric oxide, 2N0, ^ain takes oxygen 
from the air, and again gives it to the sulphurous 
acid, and this alternate action goes on so long as 
the supply of sulphurous acid, air and steam 
eontinues. 
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In this way a small amount of nitric acid suffices to 
convert a large quantity of sulphuron^ into sulphurtc 
icid ; the necessary oxygen being supplied by the air, the 
nitrous acid acting as a carrier between it and the sulphu- 
rous acid. 

The several stages of the process may be thus expressed 
by symbols, the second and third forming a constantly 
recurring series : — 

1st. NA+SSOj-f SHaO = 2 N 0 + 3 HaS 04 . 

2 nd. 2 NO-f 20 = 2 NO 4 . 

8rd. 2N0a+2S0,-h2H20=-2N0-|-2HaS04, 

23. Sulphuric acid in its most concentrated state is a 
colorless, inodorous, oil-like liquid, exceedingly corrosive, 
having an intensely acid taste, and a great affinity for 
water. It freezes at — 15®, and boils at 620°. 

So great is the affinity of sulphuric acid for water, that a bottle 
tliree-parts filled with strong acid!, left open for twenty-four hours in 
a damp atmosphere, would be found completely filled. 

24. When sulphuric acid is suddenly mixed with water, 
much heat is evolved, and on cooling, condensation is found 
to have taken place, the two liquids occupying less space 
than before mixture. Whenever two bodies are thus con- 
densed, or have their particles driven closer together, heat 
is produced. 

£x. I. — Mix four parts by measure of strong sulphuric acid with 
one part of water in a thin glass flask, it will in a few moments be- 
come too hot to hold. 

Ex. ir.— If an ounce of sulphuric acid, of the temperature of 32©, be 
poured over an ottnet of snow or pounded ice, of a like temperature, 
the density of the combined substances will be greater than that of 
the two substances separately ; and in this condensation so much 
latent heat will be given out, that the mixture will reach a tempera- 
ture, almost equal to that of boiling water. 

h — quickly in a mortar one pound of ice, and poui 
over it in a tumbler one ounce of sulphuric acid, previously cooled to 
82*. Stir the mixture, and the whole will become fluid. If a ther- 

H 2 
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mometer be immersed in it, the temperature will be found very nearly 
0®, or 32® below the freezing point. 

These two experiments may be reconciled by observing, that in the 
latter case ^the quantity of acid is only sufficient to liquefy the ice* 
which, on leaving the solid state, 'Abstracts heat from surrounding 
objects, while in the former case the acid being in greater proportion, 
not only liquefies the ice, but unites with the water as in JSlr. t. 

Ex, m , — The corrosive action of sulphuric acid on organic bodies is 
accompanied by a blackening or charring efifect, owing to its abstract- 
ing from them the elements of water, and leaving their carbon behind. 
A drop of strong sulphuric acid let fall on linen or paper speedily 
destroys it. A stick dipped into the strong acid is soon blackened. 
Its effects on starch, gum, and sugar have been already noticed. 
{Chap. ly. Ex, n. and q.) 

25. Sulphuric acid is extensively used in the manufacture 
of soda from common salt j also in making chlorine, in 
dyeing, calico-printing, gold and silver refining, and in the 
purification of oil and tallow. In short, its chemical uses 
are almost innumerable. 

26. Sulphur forms two compounds with hydrogefl, the 
former of which is a very useful and important body : they 
are — 

Sulphuretted Hydrogen • • HoS == 34. 

Persulphuret of Hydrogen, • . HS =88. 

27. Sulphuretted Hydrogen, HjS, is a colorless, trans- 
parent gas, having an extremely disagreeable taste and 
smell ; it is somewhat heavier than air, and soluble in 
about one-third its bulk of water, to which it imparts its 
own offensive odor and taste. 

It does not support combustion, but is itself combustible, 
burning with a blue flame and producing water and sul- 

? hurous acid when there is an abundant supply of air, but 
depositing sulphur when the oxygen is deficient. 

This gas is highly poisonous to animals. ** A small bird 
dies immediately in air containing sulphu- 
retted hydrogen ; part will kill a middle-sized dog j 

and yj^y part will kill a horse.”— JPramfo. 
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28. Sulphuretted hydrogen is produced by the putre- 
fiustion of all organic substances containing sulphur, as 
flesh, eggs, &c. ; it arises from vegetable matter decom- 
posing in connexion with water and gypsum (sulphate of 
ume) ; it frequently issues from the earth in volcanic dis- 
tricts, and occurs in small quantities in certain mineral 
springs, as at Harrogate and elsewhere. 

29. Sulphuretted hydrogen is usually procured by the 
action of hydrochlo- 
ric acid on sulphuret 
of antimony, or by 
the decomposition of 
sulphuret of iron by 
sulphuric acid. 

The first method 
yields the purestgas, 
and may be carried 
out by placing finely 
powdered sulphuret 
of antimony, SbtSa, 
in a retort or flask, 
pouring over it an 
equal weight of 
strong hydrochloric Fig. 50 . 

acid, HCl, and heating the mixture ; the gas should be 
collected over warm water, and if possible in the open air. 
The reaction is as follows : — 



3S = 96 
2Sb=244 


Sb,S,= 34o|^ 
6HCl=219{®r 


559 



Or, Sb.S, + GHCl = 2SbCl» +8H,S. 
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The second method, which yields the gas most readily, is 
by putting protosulphuret of iron, FeS, 
into a generating bottle, and pouring 
over it an equal weight of dilute sul- 
phuric acid. Each atom of iron (di- 
atomic) in the protosulphuret (FeS) 
replaces the double-atom of hydrogen 
in the acid (H,SO^), and forms pro- 
tosulphste of iron (FeSO^) ; the 
double-atom of hydrogen unites with 
the sulphur, and escapes as sulphu- 
retted hydrogen The reaction will be seen by the 

following diagram : — 

HjSO^ — 98 (go.Zgo 

186 186 
Or thus, FeS-j-H,S 04 amFeSO^ + H^S. 

30. The solution of sulphuretted hydrogen in water is 
of great use to the chemist, as a test for metals, and more 
especially, it is an excellent substance for ^scovering 
minute portions of lead, with which it gives a black colored 
precipitate ; with antimony it gives an orange, vrith arse- 
nious acid a bright yellow, and with zinc, a white precipi- 
tate. These precipitates are sulphurets of the respective 
metals. 

31. The solution may be easily made by passing a 
current of the gas through water for a short time ; in the 
open air if possible. 



186 
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JEr. M.— -Arrange a series of two or more flasks as in the figure, place 
Bone water in the smaller one B, 
and some sulphuret of iron in the 
larger one A. Pour through the 
funnel a little diluted sulphuric 
acid, sulphate of iron will he 
formed, and the sulphuretted hy- 
drogen will pass off into the second 
flask, and be absorbed by tlie 
water and so on through a series 
of flasks, if necessary. 

32. The solution of sul- 
phuretted hydrogen in water 
is so prone to decomposition, 
by the oxygen of the air, that 
it soon spoils. The simplest 
and readiest mode of apply- 
ing the gas is by having a 
80^1 generating flask, like 
fig. 51, always at hand, supplied with water and sulphuret 
of iron ; on the addition of a few drops of sulphuric acid, 
the gas will be immediately evolved when wanted, and 
passed at once through the delivery tube into the vessel 
containing the solution to be tested, as in C, fig. 52. 

Ex. 0 . — Pass some gas as just described into a solution of acetate 
of lead or nitrate of silver in water, black sulphuret of lead or silver 
'^ill be formed ; this accounts for the blackening of white-lead paint 
\\ hen exposed to coal-gas, which is almost always found to contain 
sulphuretted hydrogen ; silver goods are tarnished and blackened from a 
similar cause. The discoloring of a silver spoon when used in eating 
an egg, arises from the action of the sulphur which the egg contains. 

‘Treat a solution of tartar emetic (tartrate of antimony and 
potass) in the same way, orange- colored sulphuret of antimony will be 
precipitated. 

Es. q . — Perform the like experiment with sulphate of zinc, white 
sulphuret of zinc will fall. Hence, white paint made from oxide of zinc, 
keeps its color much better than that from oxide of lead. 

These experiments may be tried with different metallic solutions, 
and the color of the sulphurets observed. 

33. Selenium, Se. — This is nn exceedingly rare sub- 



Fig. 62. 
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staoce, sometimes found associated with sulphur, whict 
clement it greatly resembles in its chemical properties. It 
b a reddish brown solid body, semitransparent, and having 
an imperfect metallic lustre. 

When heated in the air it exhales an odor like decaying 
horse-radish. 

34. Selenium combines with oxygen and hydrogen, 
forming — 

Selenious acid, ILSeOs, corresponding to Sulphurous 
acid, H 2 SO 3 . 

Selenic acid, IloSeOi, corresponding to Sulphuric acid, 
H2SO,. 

Seleniuretted hydrogen, H.Se, corresponding to Sulphu- 
retted hydrogen, ILS. 

Selenic acid has one property possessed by no other 
simple acid — namely, that of dissolving gold.” — Wilson. 

Seleniuretted hydrogen is a colorless gas, excessively 
irritating, to the nostrils, air passages, and lungs, even 
when respired In very minute quantity, and producing all 
the symptoms of a violent cold. 


EXERCISES ON CHAPTER XIV. 

1. Give the symbol, combining equivalent, and physical character- 
istics of sulphur. 

8, Where does sulphur occur pure ? 

8. Where is sulphur found in a state of combination ? 

4. State the effects of various temperatures on the appearance of 

sulphur. 

5. What is the allotropic form of sulphur ? 

G. Distinguish between sublimation and distillation. 

7. How may the purity of sulphur be ascertained ^ 

8. What are the chief compounds of sulphur and oxygen ? 

9. What is the product of the combustion of sulphur in the air } 

10. State the properties of sulphurous acid. 

11. How may sulphurous acid be liquefied? 

12. Explain the process for obtaining sulphurous acid gat. 

13* Give the formula for the above process. 
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14. How mty tqueoui lulphurous acid be obtained ? 

15. What are the different forms of sulphuric acid ? 

16. IIow may the name oil of vitriol be accounted for 1 

17. Whence does Nordhausen acid derive its name, and for what is 

it used P 

18. Explain the process for obtaining Nordhausen acid. 

19. How is anhydrous sulphuric acid obtained, and what are its 

properties 

20. What is hydrated sulphuric acid, and how may it be obtained 

from sulphurous acid gas P 

21. Describe the process for manufacturing the sulphuric acid of 

commerce. What is the best test for sulphuric acid } 

22. Describe the chemical changes that take place during the pro- 

cess, noting each step symbolically. 

23. What are the leading properties of sulphuric acid P 

24. What effect is produced by mixing sulphuric acid and water ? 

25. What are the chief uses of sulphuric acid P 

26. Give the names, symbols, and equivalents for the compounds of 

sulphur and hydrogen. 

27. What are the properties of sulphuretted hydrogen P 

28. Name some natiual sources of sulphuretted hydrogen 

29. How may sulphuretted hydrogen be artificially prepared P Give 

formulae for each method. 

30. In what way is a solution of sulphuretted hydrogen a test for 

different metals ? 

31. How may an aqueous solution of sulphuretted hydrogen be madeP 

32. How can sulphuretted hydrogen be most readily applied as a 

test ? 

33. State the nature and properties of selenium. 

34. What compounds does selenium form with oxygen and hydro 

gen ? State some of their properties. 


CHAPTER XV. 

PHOSPHORUS AND ITS COMPOUNDS. 

Symbol, P. Combining weight, 31. 

Phosphorns is a solid body, of a waxy appearance, 
easily cut, transparent and colorless when fresh made, but 
tumin| yellow by exposure to light. It melts at 108®, and 
at 550® is converted into vapor. It is insoluble in wateii 
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but may be dissolved by ether, alcohol, bisulpiumet of car 
boD, and oils. 

2. When exposed to the air it undergoes a slow com- 
boBtioD, combining with oxygen and emitting a whitish 
smoke, (phosphorous anhydride PO3) which is luminous in 
thedaric. Hence its ii 9 LmQ phosphorous or light-hearer, from 
fmg, light, and f to bear. 

3 . Phosphorus is highly inflammable, being easily 
set on fire by friction, hence its use in making lucifer’*^ 
matches. 

It sometimes takes fire spontaneously in warm weather, 
and should therefore be kept under water, and be at all 
times handled with great caution, since the heat of the hand 
is sufficient to inflame it when dry, and a burn from it is 
generally very severe. 

4 . Phosphorus never occurs in nature in a free or un- 
combined state, but is very widely diffused in union with 
oxygen, under the form of phosphoric acid, II3PO4, and thus 
forms an ingredient both of vegetable and animal bodies. 
The phosphoric acid in these cases is generally in combina- 
tion with lime or magnesia. 

5 . The bones f and shells of animals contain phos- 
phorus ; in fact, their strength and stiffness is owing to 
the phosphates of lime and magnesia. Phosphorus is 
found also in the blood, the animal excretions, the brain, 
liver, nerves, &c. ; also in eggs, oysters, onions, wheat, milk, 
flour, &c. 

G. Phosphorus is chiefly obtained from bones. Bonea 
consist of gelatine, lime, and phosphoric acid. The phos- 
phorus is procured from the decomposition of the phos- 
phoric acid, as follows — 

The bones are first calcined or burned to whiteness, to remove the 

* Lucifer, from lux, lucis, light, and/erre, to bring, is the exact Lathi 
^uivalent for the Greek, phosphorus, 

t The skeleton of a man weighs from 10 to 12 pounds, and contaiut 
from 1} to 2 pounds of phosphorus. 
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geUtioe. The ashes consisting chiefly of phosphate of lime, 3Ca,2PQ4, 
are then ground and mixed with about two^thirds their weight of 
dilute sulphuric acid. The sulphuric acid combines with the lime 
forming an insoluble sulphate, which is removed by Altering. The 
filtrate^ that is, the liquid which passes through the Alter, is an impure 
solution of phosphoric acid, H.P 04 : this is evaporated to the consistence 
of treacle, then mixed with charcoal powder, and strongly heated in an 
iron vessel to remove all moisture. 

The dried mass is then placed in a retort made of stoneware or 
Are-clay, A, and exposed 
to a white heat. The 
caihon takes the oxygen 
of the phosphoric acid, 
passing off at D, as car- 
bonic oxide. The phos- 
phorus distils over in va- 
por, and passes through 
the tube B, and may be 
condensed below the sur- 
face of water, in the vessel 
C. The tube B should 
be kept warm lest the 
phosphorus should con- 
dense in it, and block up 
the passage. Pig. 53. 

The decomposition of the phosphoric acid may be thus shewn in 
symbols : 

2(H,PO J + AC = 3H,0 + 5CC> + 2P. 

The phosphorus is melted a second time under hot water in cylin- 
drical moulds, 80 that it is generally seen in the form of long pencil- 
like sticks. 

7. A singular modification of this element has been 
discovered by Professor Schrotter, called allotropic or 
amorphous phosphorus. It is a reddish brown substance, 
which is luminous and inflammable only at high tempera- 
tures. It shines in the dark when heated to 393®, and at 
500® returns into the condition of ordinary phosphorus. 
From the fact of the amorphous variety being less com- 
bustible than common phosphorus, and not giving rise (at 
low temperatures) to the same poisonous vapors, it has 
been proposed to use it in the manufacture of lucifer 
matches. 
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8. PbosphoruB combines readily with oxygen, forming 
the following compounds, the last of which is, perhaps, the 
most important * 


Hypophosplioroiu . 

Anhydride, 

P,0 ; 

Acid. 

H,PO,. 

P^sphorotu^^ 

Ps^S f 

H,PO,. 

Fhospliorio . 

PaO^ ; 

H,PO,. 


9 . Phosphoroua Anhydride, P2O3. — This is formed by 
slow combustion of phosphorus in a dry atmosphere ; or 
by burning that element in a limited supply of air. The 
substance so formed is anhydrous, and appears as a white 
powder, which, when exposed to air or moisture, changes 
tirst, into phosphorous, and then, into phosphoric acid. 

10. Phosphorous acid, 3Ha0,P208, or H3PO3. may be 
readily prepared by adding water to the teriodide or ter- 
chloride of phosphorus, PI 5 or PCI 3. Mutual decomposi- 
tiou takes place, the hydrogen of the water unites with the 
iodine or chlorine to form hydriodic or hydrochloric acids, 
while the oxygen combines with the phosphorus ; by heat- 
ing the liquid the hydrogen acid, HI or HCl, together with 
most of the water, is driven off, while the phosphorous 
acid combined with another portion of water, remains. 

2PI3 + 6H3O = 6HI + 3 HaO,Pa 03 =GHi + 2(H3P03). 

2PC1, + 6HO = 6HC1 + 3H,0,P,03 = 6HC1 + 2(H3Pb3). 

Em. a , — Place a small piece of phosphorus (dried between some 
blotting paper) into a test tube, and cover it with some iodine, the 
two bodies will combine, forming the teriodide of phosphorus, PI3, as in 
Em. d. page 16 . When the action is over, add some water to dissolve 
the mass, and then heat it to evaporate the hydriodic acid ; the hy- 
drated phosphorous acid wdiich remains will, on cooling, become a 
solid crystalline mass. 

11. Phosphoric Acid, H3PO4. This substance has been 
already noticed, § 6, as being produced by the action of 

* The existence of this oxide has been denied by some chemists ; 
the red substance that is so termed being considered by them to of 
the amorphous phosphorus previously described. 
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sulphuric acid on the phosphate of lime contained in bone 
ashes. It is the constant product of the combustion of 
phosphorus in oxygen, or in a plentiful supply of common 
air, appearing as a white smoke, which condenses into 
snow-like flakes of anhydrous phosphoric acid, PaO^. 

Ea. b . — For the combustion of phosphorus in air and in oxygen, see 
JSr. a. Chap. K///., and Ea. e. Chap. IV. 

Ex. c . — Perform similar experiments in dri/ jars or bottles, the 
anhydrous phosphoric acid will condense on the sides. 

Ex. d . — Collect some of the dry powder of the last experiment, 
put it quickly into a dry watch-glass, and add a few drops of water, or 
drop some of it at once into water ; the acid and water will rapidly 
combine, with a hissing noise, great heat, and sometimes even a 
violent explosion. 

12. Phosphoric acid has an intensely sour taste, and 
reddens vegetable blues ; it is not poisonous, at least, in 
small quantities. Although not generally corrosive, it must, 
when taken medicinally, be sucked through a quill or glass 
tube to keep it from corroding the teeth, which it would do 
very rapidly, from its power of dissolving the phosphate of 
lime which they contain. 

E. e . — Place a thin slice of phosphorus on a piece of blotting- 
paper, and sprinkle over it some flowers of sulphur or some powdered 
chaicoal, after a while the phosphorus will spontaneously inflame. 
This is owing to the rapid absorption of oxygen by the porous powder, 
and its imparting it again to the phosphorus, while from its being a 
bad conductor of heat, the cooling of the latter is prevented. 

Ex.f . — Put a fragment or two of phosphorus into a glass, 6, nearly 
fill the glass with hot water, and then 
direct a stream of oxygen or common 
air from a hag or bladder on to the 
melted phosphorus, as in the diagram. 

The phosphorus burning in presence of 
the oxygen will present the appearance 
of^re undv^r water. 

Ex. g . — Put a piece of phosphorus, 
about the size of a pea, into a phial with 
a quarter of an ounce of ether ; cork the 
phial, and let it remain a few days, occa- 
sionally shaking it. About a grain of the 
phosphorus will be dissolved, and the solution, which is sometimM 



Fig. 64. 
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called pho^hortzed ether ^ will, if exposed to the air, be luminous i« 
the dark. 

Ex. h. — Phosphorized oil may be made by carefully heating a grain 
of phosphorus in a test tube with a teaspnonful of olive oil ; the solu- 
tion should be kept in a well-corked phial, and in the dark. A few 
drops of phosphorized oil or ether may be rubbed on the hands or face 
without danger (unless there be any wounds on them) ; the parts so 
moistened will appear luminous in the dark. 

Ex. i . — Moisten some blotting-paper with a few drops of phos- 
phorized ether, or solution of phosphorus in bisulpliuret of carbon, 
and hang it up to dry. The moisture will speedily evaporate and leave 
the phosphorus on the paper in a state of very minute division, in 
which state it attracts oxygen so energetically, that it ignites sponta- 
neously. 

Ex. k . — Pour a few drops of phosphorized ether on a lump of loaf 
sugar, and place the sugar in hot water ; the ether and phosphorus 
will rise in vapor and take fire on the surface as they come into con- 
tact with the oxygen of the air. The effect is increased if the surface 
of the water is made to undulate by blowing on it. 

13. Phosplmretted Hydrogen, H,P = 34. This is a color- 
less, transparent gas, of a very disagreeable odor, and highly 
poisonous. The nauseous smell of decaying animal matter 
is partly owing to the presence of this gas. The singular 
phenomenon of the will-o*-the wisp, or jack-o’-lantern, 
where a flame is seen by night moving over marshy ground, 
is believed to be due to the presence of this gas, which is 
spontaneously inflammable. 

14. Phosphuretted hydrogen may be obtained by heat- 
ing some pieces of phosphorus 
with caustic potass or lime, and 
water, in a test tube ns in Fig. 1, 
or in a small flask with a long tube 
as in the annexed diagram. Th*? 
flask, &c. should be completely 
filled with water, and the delivery 
end of the tube be also under 
water. On the application of heat 
the following reaction takes place : 
four atoms nf phosphorus de- 
compose six atoms of water, producing three atoms 
of hypophosphoroas acid, H.PO,, and one of phosphu- 






PnOSPHOBUS AND ITS COMPOUNDS. 


Ill 


r«tted liydrogen, PH 3 , 'which, when thus prepared, is spon- 
taneously inflammable, each bubble as it escapes into the 
air taking fire, and changing into a ring of smoke, which 
widens as it rises, and consists of phosphoric acid and 
watery vapour. 

The hypophosphorous acid unites with the potass or lime, 
to form an hypophosphite of those substances. Neither 
the lime nor the potass is decomposed, but seems merely by 
its presence to bring about the decomposition, which 
may be thus expressed symbolically : 

4P-f6H,0+3KH0 =3KPH,0,4-3II,0 + H 3 r. 

Ex. 1 . — Put some pieces of zinc and phosphorus in a flask or test 
glass, and pour over them some dilute sulphuric acid. The water will 
he decomposed as in Chap, V. § 14, but the hydrogen, as it is set 
free, will combine with the phosphorus and form inflammable phos- 
phuretted hydrogen ; it will not, however, be so pure as by the former 
method. 

£r. m , — Throw some pieces of phosphuret of calcium into a glass 
of water, phosphuretted hydrogen will be given off and inflame as 
before. 

Sm, n , — If the hydrated phosphorous acid obtained in § 10 be 
heated in a small retort it will be decomposed, yielding hydrated phos- 
phoric acid and phosphuretted hydrogen, which, however, when thin 
procured, ceases to be spontaneously inflammable. 

4 (H,PO.)=:3(H,PO,) + H,P. 

EXERCISES ON CHAPTER XV. 

1 . State the properties of phosphorus. 

2. Whence does phosphorus derive its name } 

3. Why is it used for lucifer matches ? 

4. Where is phosphorus found in nature ? 

5. Name some substances which contain phosphorus. 

6. How is phosphorus obtained ? 

7. What is amorphous phosphorus . 

8. What are the compounds of phosphorus with oxygen ? 

9. What is phosphorous acid ? 

10. How may phosphorous acid be prepared ? 

11. How is phosphoric acid obtained ? 

^2. J^at Me the properties of phosphoric acid ? 

IS. What is phosphuretted hydrogen ? 

14. How may phosphuretted hydrogen be obtained ? 
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CHAPTER XVL 

CHIOEINE, BBOMINE, lOBIlTE, AND FLUGEIKE* 

1. These four bodies, Chlorine, Bromine, Iodine, and 
Fluorine, form a small natural group of elementary bodies, 
closely resembling each other in their properties, and widely 
differing from the elements already noticed, inasmuch as 
they have a much greater affinity for hydrogen than for 
oxygen, and form with it the hydrogen-acids already named, 
Chap. FIL, § 8. 

2. The symbols and combining proportions of tbeso 
bodies are as follow : — 

Chlorine Cl == ^^5.5• 

Bromine Br = 80. 

Iodine I 127. 

Fluorine F 19. 

3. Chlorine (Cl) is a gaseous body, discovered by a 
German chemist named Scheele in 1774, but first shown to 
oe a distinct element by Sir Humphrey Davy, who gave it 
ts present name chlorine,* on account of its yellowish 
erreen color. 

4. Chlorine exists abundantly in nature, both in plants 
and animals, but especially in the mineral kingdom ; it is 
generally found in combination with the metal sodium, 
forming chloride of sodium or common salt, NaCl. 

5. Chlorine possesses a powerful and disagreeable odor, 
and is excceedingly suffocating, even when largely dilated 
with air. It is readily absorbed by water, and this liquid, 
especially if recently boiled, will take up about twice its 
bulk of gas, and acquire the same color, taste and smell. 


Chlorine, from ehloros, yeUowish green. 
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6. Chlorine is only gaseous at common temperatures 
and pressures, for if exposed to great cold or to a pressure 
of four atmospheres (BOlbs. to the square inch), it con- 
denses into a limpid, yellow liquid, about one- third heavier 
than water. In its gaseous state it is about 2^ times as 
heavy as air. 

7. Chlorine is most readily prepared by heating together 
in a flask or retort 
equal weights of hy- 
drochloric acid and 
black oxide of manga- 
nese. 

The gas as given off 
may be collected at the 
pneumatic trough, either 
over hot water, or over a 
[ strong solution of salt and 
* water. Being heavier 
than common air, it may 
. be collected by displace- 
\ wear, by carrying the delivery tube to the bottom of the bottle in 
which the gas is to be received, as in fig. 48, omitting the water from 
the bottle there drawn. The chlorine gradually rises and expels or dis- 
places the air. The bottles shotild in either case he removed as soon 
as filled, and the stoppers well greased a little before they are inserted. 

8. In this decomposition four atoms of hydrochloric 
acid, HCl, are required for one of binoxide of manganese, 
Mn 02 ; two atoms of water and one of protochloride of 
manganese are formed, while one molecule of chlorine is 
set free ; thus — 

4HC1 + MnO. = 2H.:0 + MnCl > -f Clj 

146 + 87 == 36 -h 126 + 71. 

0. Another mode of obtaining chlorine, especially when 
required in large quantities, is by the action of sulphuric 
acid on a mixture of black oxide of manganese and com- 
mon salt. When sulphuric acid is added to a mixture of 
binoxide of manganese and chloride of sodium, NaGl, or 



Fig. 56. 
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common salt, sulphate of sodium and sulphate of manga- 
nese are formed and chlorine gas given oif. 

Two atoms of sulphuric acid 2(H,SO^) arc decomposed. 

(i ) The two atoms of hydrogen in one atom of acid are replaced by 
two atoms of sodium, forming sulphate of sodium (NagSO^). 

(ii.) The two atoms of hydrogen in the other atom of acid are i-e- 
placed by one atom of manganese (a di atomic element) forming sul* 
phate of manganese (MnSO^). 

(iii.) The four atoms of hydrogen displaced unite with the two 
atoms of oxygen, to form two atoms of water ; while 

(iv.) The two atoms of chlorine originally combined with the so- 
dium are disengaged in the form of gas ; thus : — 

;jNaCI + MnOj, + 2(H,SO J ^ Na.SO^ + MuSO^ + 211,0 + 201. 

10. Chlorine has a great affinity for hydrogen and the 
metals ; with the former it produces hydrochloric acid ; 
with the latter, compounds termed chlorides. Its combi- 
DAtioiis with oxygen are exceedingly unstable, that is, they 
are easily decomposed, while with nitrogen it forms one of 
the most explosive bodies known. 


Hydrochloric acid 

HCl 

36.5 

Hypochlorous acid 

HCIO 

62.5 

Chlorous acid 

HCIO, 

08.5 

Chloric acid 

HCIO, 

84.5 

Perchloric acid . 

HCIO, 

100.5 

Terchloride of azote 

NCI, == 

120.5 


11. Chlorine is a powerful antiseptic and disinfectant, 
it is also largely employed as a bleaching agent, either in 
the giweous state, or in solution in water, or in combination 
with lime (bleaching powder, commonly called chloride of 
lime.)* It entirely destroys animal and vegetable coloring 

• Chloride of lime is a misnomer, for the eUmeni chlorine cannot 
unite with the e<my?o«>uf lime. The substance is properly hypodiloritc 
uf calcium. 
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matter, but only when moisture is present, for dnf chlorine 
gas has no bleaching power. 

12. The disinfecting and bleaching properties of chlorine 
are owing to its strong affinity for hydrogen. As a 
destroyer of contagion it acts by decomposing sulphuretted 
hydrogen and other noxious vapors in the atmosphere. 
As a bleaching instrument it acts indirectly by decomposing 
water, and combining with the hydrogen to form hydro- 
chloric acid, while the nascent* oxygen unites with, and 
removes the coloring matter, and is the real bleaching 
agent. 

Ex. a . — Pour a solution either of litmus, indigo, carmine, turmeric, 
or ink, into a small bottle of chlorine ; do not put in the stopper, hut 
cover the mouth with a piece of flat glass, and then shake it well, the 
coloring matter will speedily disappear. 

Ex. b . — Suspend a nosegay of various-colored flowers in a jar as 
in Fig. 47 ; put into the saucer or plate a little bleaching powder, and 
add some hydrochloric acid diluted with warm water ; chlorine will 
be evolved, and the flowers will soon lose their color and become per- 
fectly white. 

Ex. c . — The great affinity of chlorine for hydrogen, and its corre- 
spending indifference to carbon may be 
seen, by immersing a well-lighted 
candle in a jar of the gas, when it will 
bum with a red smoky flame, the 
chlorine combining with the hydro- 
gen of the combustible, while the 
carbon appears as smoke. 

Ex, d . — This may be still more 
strikingly shewn by dipping a rag 
or a piece of folded paper into 
turpentine and immersing it, while 
moist, into a jar of the gas. The 
turpentine, C*H„, will ignite spon- 
taneously, and the jar will be filled 
with black smoke and soot. Here, 


l2 



** Nascent, see chap. iiL } 25 
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A _ again, the chlorine unites with the hydrogen, and rejeeta 
the carbon.* 

£r. e. — Kopeat Ex. h. chap, xii., the result will be the 
same as in the last two experiments. 

£x* /. — Place a piece of phosphorus in a deflagrating 
spoon, fig. 7, and immerse it in a jar of chlorine, it will 
take fire and burn with a feeble light, forming a 
great contrast to that produced by its combustion 
BBjjwB in oxygen. This feebleness of light is owing to the 
product of combustion (chloride of phosphorus) being 
. a liquid, and not a solid as in the case of phosphoric 

jggg chap. V. 5 16. 

Ex. g. — Drop into a jar of chlorine some filings of antimony, heated 
to about 80*', rapid scintillating combustion will take place, attended 
by a white flame ; the product of combustion will be chloride of anti- 
mony, SbCls. “ Similar experiments may be performed with most of 
the other metals, giving various colored 
flames. Silver and lead give a white color ; 
zinc and tin, a bluish white; iron, a vivid 
red ; copper, a dull red ; arsenic, gold, and 
tellurium, a green. These metals must be 
heated previously to immersion in chlorine, 
and although a very low degree of heat is 
sufiScient for some, as lead and zinc, yet the 
combustion is much more vivid if they be 
made still hotter; for instance, the more 
fusible metals so hot that they can be just 
held in the fingers without burning them, 
and the more refractory metals till they 
change color by heat. The jars used should be rather tall and narrow, 
for those experiments where the powdered metal is sprinkled in.^^ — 
Francie. 

14. Hydroohlorio acid, HCl, is a colorless, transparent 
gaSf having intensely acid properties; it is exceedingly 
soluble in water, which at ordinary temperatures absorbs 
more than four hundred times its bulk of the gas. It is 
this aqueous solution which is sold in the shops, and is 
sometimes called muriatic acid, 

* The chlorine may be obtained for this and similar experiments by 
putting a little ** chloride of lime’* into a wide-mouthed bottle or jar, 
and adding some dilute hydrochloric acid, the gas will very soon fill the 
'sr. 
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14. Hydrochloric acid is generally obtained by decom- 
posing common or sea-salt by sulphuric acid^ hence it was 
formerly named marine acid or sjpirit of salt, 

2NaCH-H,SO^= Na,SO^ H-2HCI. 

Hydrochloric acid may also be formed by the direct union 
of equal measures of hydrogen and chlorine. 

Ex. h . — Mix together in a jar equal measures of chlorine gas and 
hydrogen ; expose the mixture to hght, the gases will unite, and form 
the hydrochloric acid in a gaseous state, and without water. 

If the above be exposed to the direct rays of a hot sun, the gases 
will ordinarily combine with such rapidity as to explode with violence. 
“ Procure a tube 1*2 inches long, of half an inch internal diameter, fill it 
with the mixed gases, and expose it to a full light, the combination of 
the gases will almost instantly be seen to commence by the cloudy 
appearance produced within the tube ; now cover over tlie tube, and 
the action will cease until a second time exposed, and thus by repeat- 
ing the experiment, the action of light upon the gases is beautifully 
shown, while from the small size of the tube, there is no danger in 
submitting the whole to the direct rays of the sun.^’ — Francis. 

Ex. i . — Perform Ex. g, chap. xii. with equal measures of chlorine 
and hydrogen, the gases will explode with a loud report. Turn the 
mouth of the bottle downwards into a basin of water colored blue by 
litmus. The hydrochloric acid gas will be rapidly absorbed, the water 
will rise in the bottle, and become red, proving the acid character oi 
the gas. 

15. When hydrochloric acid is added to a metallic oxide, 
mutual decomposition ensues, the oxygen and chlorine 
change places, for the hydrogen of the acid combines with 
the oxygen of the oxide to form water, while the chlorine 
combines with the metal to form a metallic chloride. 

All the hydracids act on metallic oxides in a similar way, the hydro- 
gen being displaced by the metal. 

16. Bromine, Br. — This is one of the rarer elements, 
being found only in small quantities, combined with 
so^um or magnesium, in sea-water, in marine plants and 
animals, and in some mineral springs, especially those of 
Kreoxnach in Prussia. It was first discoTered in 1826, by 



118 


CHSMISTBY. 


M. Balard, a French chemigt, who obtained it from the 
liquid remaining after the crystallization of common salt at 
the salt-works of Montpelier, and named it Bromine* on 
account of its very offensive and suffocating odor. 

17. Bromine is a highly poisonous and very corrosive 
liquid, of a reddish brown color, and about three times as 
heavy as water. It is very volatile, emitting even at ordi- 
nary temperatures a red vapor, resembling that of nitrous 
acid, and nearly 5^ times as heavy as atmospheric air. 
When cooled a little below 0®, bromine becomes solid, crys- 
talline, and brittle. At 116° it boils. It is slightly soluble 
in water, but more so in alcohol and ether ; like chlorine, 
it is a powerful bleaching agent. When added to a solution 
of starch, it forms a compound of a pale orange color. 

18. Bromine unites with oxygen and hydrogen to form 
bromic and bydrobromic acids, its combinations with the 
other elements are termed bromides. The bromide of 
potassium is occasionally used in medicine and the arts. 

Bromic acid HBrOj »= 129 

Hydrobromic acid IlBr = 81 

Ex. t. — Place a piece of phosphorus in a deflagrating spoon and 
immerse it in a jar of the vapor of bromine ; it will immediately burst 
into flame. 

JKr. Ar.— Immerse a burning taper into a jar of the vapor of bro- 
mine ; the flame will assume a dull red and green tint, and be speedily 
extinguished. 

JSx. /.—Drop into a jar of the vapor of bromine a few grains of pow- 
dered tin, or some filings of antimony, the particles of metal will 
become red-hot, and resemble a shower of fire. 

“The best method of performing these experiments is to have a tail 
Jar. Let three or four drops of bromine fall to the bottom of the jar, 
and pour a spoonful of boiling water upon the bromine; or better, touch 
it with the point of a red-hot wire.*’ — Francis, 

19. Iodine, I. — This element was discovered by M. Cour- 
tois in 1812. It is found, like bromine, though in greater 

* Bromine, from j3pb>j^oc. hromost a strong smell. 
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quantity, in sea-water, marine plants and animals, and 
some mineral springs. 

20. Iodine is generally obtained from the ashes of sea- 
weed (kelp), by dissolving them in water, filtering and 
evaporating the solution so as to separate the salt by crys- 
tallization, then mixing the remaining liquid with sulphuric 
acid and binoxide of manganese, and gently heating the 
mixture in a retort ; the iodine rises in violet-colored vapors, 
which may be condensed in a receiver in a solid form. The 
reaction is similar to that shown in the preparation of 
chlorine from common salt ; the iodide of sodium in the 
seaweed, &c., taking the place of the chloride : thus — 

2NaI-f MnO.-f 2(H,SO,) Na,S0,4-MnS04-h2H20-f 21 . 

21. Iodine at ordinary temperatures, is a solid, occurring 
usually in the form of crystalline plates or scales, of a 
bluish-black color, and metallic lustre, somewhat resembling 
plumbago, and nearly 5 times as heavy as water. It is 
slightly volatile at low temperatures, at 225° it fuses, and 
at 375® it boils, giving off its characteristic violet-colored 
vapor, which is the heaviest aeriform substance known, 
being more tlian eight times as heavy as common air. 
(sp. gr. 8.716.) 

22. Iodine has a peculiar, pungent odor, and an acrid 
taste ; it stains the skin of a deep yellowish-brown color, 
which, however, soon disappears. It is readily dissolved by 
alcohol, but so slightly by pure water, that a pound of 
water will not dissolve more than a grain of it. One of its 
most characteristic properties is the production of a fine 
blue compound with starch (iodide of starch). 

JEr. m. — Place a little iodine at the bottom of a flask or long test 
tube, and carefully heat it over a lamp, it will be converted into a 
violet-colored vapor, while the upper part of the tube will be covered 
with black, lustrous crystals of the condensed or sublimed iodine. 

Note the density of the vapor by the sluggishness with which it 
moves as the tube is inclined to one side or the other. 

Ex. n . — Place a few small pieces of phosphorus, on a tile or plate 
of metal, and when dry, sprinkle a little iodine over them. The two 
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elements will comoine and give out sufficient heat to ignite the 
phosphorus. 

Ex, p . — Put 20 grains of iodine into an ounce of water, scareelv 
any will be dissolved. Add 30 grains of iodide of potassium^ and the 
whole will be dissolved immediately. 

This aqueous solution, as well as the aolution in alcohol, is used in 
medicine, being found useful in cases of glandular swellings, especially 
9crqfula and goitre. 

The following notice of the discovery and application of iodine is 
from Hoblyn's “ Manual of Chemistry.'* “The practical application 
of chemical knowledge in the discovery of new substances is full of in- 
terest. One instance may here suffice. In the manufacture of soap, 
the vessel employed is found to be corroded ; a scientific chemist ana- 
lyses the corroding matter, and the result is the discovery of 
one of the most singular and important chemical elements, iodine. 
Curiosity is excited; the otigin of the new substance is traced to the 
sea plants, from whose ashes soda, the principal ingredient of soap, is 
obtained, and ultimately to tbe sea- water itself. It is thence hunted 
through nature, discovered in salt-mines and springs, and pursued into 
all bodies which have a marine origin ; among the rest, into sponge. 
A medical practitioner then calls to mind a reputed remedy for the 
cure of one of the most grievous and unsightly disorders to which the 
human species is subject — the goitre, which infests the inhabitants of 
mountainous districts to an extent that, in this favored land we have 
happily no experience of, and which was said to have been originally 
cured by tbe ashes of burnt sponge. Led by this indication, he tries the 
effect of iodine on that complaint, and the result establishes the extraordi- 
nary fact, that this singular substance, taken as a medicine, acts with the 
utmost promi)tiiude and energy on goitre, dissipating the largest and 
most inveterate in a short time, and acting as a specific, or natural an- 
tagonist, against that odious deformity. The history of chemistry is 
full of facts of equal, or greater interest and importance.” 

JEx. 0 . — Make a little starch paste, such as laundresses use, by boil- 
ing some starch with w'ater, in a test tube. Put a small quantity of 
this paste into a glass of water, and add a few drops of a solution of 
iodine, a deep blue iodide of starch will be immediately produced 
The blue color disappears wheu the liquid is heated. 

23. The chief compounds of iodine with oxygen, hydro* 
gen, and nitrogen are — 


lodio acid 

HIO, 

- 170 

Hydriodio acid 

HI 

= 128 

leriodide of Nitrogen 

NI. 

= 895 
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24. Teriodide of Nitrogen, NI 3 , is au explosive sub- 
stance like the terchloride, NCI 3 , but more easily prepared, 
and by no means so dangerous. 

Ex. p. — It is obtained by putting iodine into a solution of ammonia, 
NH’* The ammonia is decomposed, bydriodic acid is formed by the 
union of its hydrogen with one portion of the iodine, while its nitrogen 
unites with another portion ; the result is an insoluble dark brown pow- 
<ler, which may be collected and allowed to dry of itself in small por- 
tions, on separate pieces of blotting paper. When dry, this powder 
explodes at the slightest touch, so that it cannot be moved. If only 
nmall quantities are operated with, and ordinary care be used, there is 
no danger attending its explosion. 

25. riuorine, F. — This is an elementary substance 
contained in a few minerals, and especially in Derbyshire 
spar or fluor-spar, which is a fluoride of calcium, CaF. It 
is also found in small quantities in sea water, and in various 
plants; also in shells, coral, and bones, and especially in 
the enamel of the teeth. 

26. Fluorine has never yet been obtained perfectly pure, 
owing to its great affinity for most of the metals and for 
silicon, (the basis of flint, and one of the ingredients of 
glass). It is believed to be a yellowish-brown gas, similar 
in its general properties to chlorine. 

27 . Hydrofluoric acid, symbol HF, comb. ut. 19. 
This is the most important of the compounds of fluorine. 
It is obtained from fluor-spar by the action of sulphuric 
acid, just as hydrochloric acid is obtained from salt. 

CaF,-fH,SO^ == CaSO^-j-2HF, 

It is a colorless, corrosive gas, distinguished for its power 
of dissolving glass, hence it must be prepared in platinum 
or leaden vessels. Advantage is sometimes taken of this 
corrosive property, for the purpose of engraving or etching 
on glass. 

■2^ V* — “ A plate of glass is covered with a thin coating of wax. 
and blackened by holding it over the flame of a candle, the desiga 
being then traced upon the surface with a needle. The plate thtu 
prepared, is placed over a leaden vessel of sufficient size, contain* 
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ing t mixture oC pulverized fluor-spar and sulphuric add, which U 
gently wanned. The pungent, add-smelling 
vapor of hydrofluoric acid (HF ) is evolved^ and 
attacks the glass wherever it is bare. After 10 
or 20 minutes, the plate is removed, and gently 
warmed, in order to free it from wax, when the 
etching becomes distinctly visible. The vapors 
of hydrofluoric acid are, it must be remembered, 
very pernicious, and attack even the akin ; the greatest care is there- 
fore i^uired.'' — Schoedler. 

EXERCISES ON CHAPTER XYI. 

1. Why may Chlorine, Bromine, Iodine and Fluorine be classed 

together ? 

2. Give their symbols and combining numbers. 

3. By whom was chlorine discovered ? Whence does it derive its 
name ? 

4. Where is chlorine found in nature ? 

6. State some of the leading properties of chlorine. 

6. How may chlorine be liquefied > 

7. How may chlorine be prepared from hydrochloric acid ? 

8. Explain fully the reaction that takes place between hydrochloric 

acid and binoxide of manganese. 

9. How may chlorine be obtained from salt ? Describe the re- 

actions that take place. 

10. What are the principal compounds of chlorine ? Give their 

symbols and combining numbers. 

11. For what is chlorine chiefly used ? 

12. How may the disinfecting and bleaching properties of chlorine 

be accounted for ? 

13. State the properties of hydrochloric acid. 

14. Describe the methods of obtaining hydrochloric acid. 

Id. What change takes place when hydrochloric acid is added to a 
metallic oxide ? 

16. Where is bromine found ? by whom was it discovered ? whence 

does it derive its name P 

17. State the leading properties of bromine. 

18. What are the chief compounds of bromine P 

19. When and by whom was iodine discovered ? 

20. Describe the mode of preparing iodine. 

21. State the leading properties of iodine. 

22. What is the most characteristic test of iodine P 

23. Name some of the chief compounds of iodine, with their lymbob 

and combining proportions. 



Fig. ao. 
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li. Describe the properties and mode of preparation of teriodide of 
I azote. 

§5. Where is fluorine met with in nature ? 
fl6. What is known about fluorine ? 

27 . State the properties and mode of preparation of hydrofluoric 
acid. 


CHAPTER XVTI. 

BORON AND SILICON. 

Boron B = 11 
Silicon Si = 2S 

1. Boron is one of the rarer elements, being but sparingly 
dififused through nature, and then only in combination with 
oxygen, forming boracic anhydride, B^Oa, from whiuh sub- 
stance it may be obtained, by fusion with potassium, thus — 

BA+6K = 3KjOH-2B. 

2. Boron is a brownish-green, infusible, and insoluble 
powder, unalterable by exposure to the air, at common 
temperatures ; when heated to about 600®, it combines 
with oxygen and burns with considerable brilliancy, form- 
ing boracic anhydride, BA 

3. Boracic acid, HBO^. This substance is found in a 
free state in the hot springs of Tuscany, and in combina- 
tion with soda, forming borax or biborate of sodium 
(NajBA-f IOHAj which is brought to England from 
Eastern Asia under the name of tincaU 

4. Boracic acid is generally seen in the form of white 
pearly crystals, soluble in water and alcohol. The latter 
solution burns with a beautiful green flame. 

When heated, boracic acid first parts with its water o-f 
crystallization, and then fuses, forming when cold, a trans- 
parent, colourless glass-like substauce, B^O^, 
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Ex, a , — Break a crystal or two of borax to powder, and add a few 
drops of sulphuric acid, to set free the boracic acid ; next pour on the 
mass a little alcohol, and set light to it, the green color already referred 
to will be readily observed. 

(Na 2 B 407 + IOH 2 O) + H 2 SO 4 = NajSO^ + 4(HjBDs) + 5HoO. 

6. Silicon, Si, never occurs in nature in a free or un- 
combined state, but is always found in union with oxygen, 
forming silicic acid or silica^ SiO^ ; it may be obtained 
from the silico-fliioride of potassium by fusion with excess 
of potassium; thus — 

K,SiF,+4K = 6KF + Si. 

6. Silicon seems to occupy among mineral substances 
a similar place to that held by carbon among vegetable and 
animal bodies, being a chief constituent of the crust of the 
globe, and, perhaps, next to oxygen, the most abundant 
element in nature. It is a dark brown powder, insoluble 
in water, and not easily oxidized ; when strongly heated, it 
combines with oxygen, forming silicic acid. 

7. Silicic anhydride, or silica, SiO^, may be prepared by 
heating flint or rock crystal to redness, and quenching it in 
water, when it may be easily reduced to a fine, white, taste- 
less, gritty powder which is nearly pure silica, and whicli 
after being strongly heated is quite insoluble in water, or 
acids, except the hydrofluoric. 

8. Quartz and rock-crystal are nearly pure silica, whilst 
flint, agate, cornelian, chalcedony, onyx, jasper, opal, ame- 
thyst, and many other minerals consist of silicic acid, more 
or less combined with metallic oxides. These miner^s are 
distinguished by a peculiar hardness, which enables them 
to give sparks with steel, and to scratch glass. 

9. Silica neither tastes sour, nor reddens vegetable blues, 
yet when raised to a high temperature it exhibite powerful 
acid properties, and combines with many metallic oxides, 
forming the class of compounds termed silicates. The 

* Silicon or silicium, from the Latin, mZmt, tint or sand, of 
which it is the basis. 
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minerals just named are silicates ; glass, porcelain, and 
earthenware are silicates of potass, soda, lime, or alumina 
formed at a high heat. 

10. If silica (SiOj) be heated to redness with an excess 
of potass, soda, or lime, it forms a soluble silicate, which 
may be decomposed by adding a stronger acid, such as the 
hydrochloric, the Silicic acid is separated in an amorphous 
state under the form of a gelatinous or jelly-like mass, 
soluble in pure water. It loses its solubility, however, when 
heated. Its formula is H 4 Si 04 . 

11. Silica in its soluble state is nearly always present in 
springs and mineral waters : in this state, too, it enters into 
plants, in many of which it exists abundantly, particularly 
in the stalks of the various grasses, to whicli it communi- 
cates stiffness and strength ; it may be readily detected in 
their ashes after they are burned. 

12. The soluble glass formed in § 10 has been used to 
wash over timber, and other combustible materials to 
render them fire-proof ; the effect is to fix a coating of 
silica on the timber, &c., which in some degree preserves 
it, yet too slightly to be of much service. 


EXERCISES ON CHAPTER XVII. 

1. Where is boron found, and how may it be obtained ? 

2. Give the symbol, combining equivalent and leading properties 

of boron. 

3. What is boracic acid, and where is it found f 

4. Describe the properties of boracic acid. 

5. How may silicon be obtained ? 

6. Whence does silicon derive its name? What are its chief 

properties? 

7. What is silica, and how may it be obtained ? 

8. Name some natural and artificial compounds of silica. 

9. Why is silica considered an acid ? 

10. What is the allotropic form of silica, and how may it ha 

prepared? 

11. Of what use is silica in nature ? 

Itk For what purpose has ** soluble glass'' been employed ? 
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CHAPTER XVIII. 

THE EQUIVALENT POWER OR ATOMICITY OE THE 
ELEMENTS; ACID-TYPES. 

1. By the term atomicity or equivalent power of the 
dements is meant their power of combining with, or re- 
placing different proportions of hydrogen. 

2. The atomicity of elements which do not combine 
with hydrogen is ascertained by their power of combining 
with, or replacing, chlorine. 

3. The term equivalent was formerly used as synony- 
mous with atomic or combining weight, but it is now em- 
ployed to denote that proportion of a substance which mil 
replace in a compound body a given proportion of another 
substance. 

4. The equivalent number may or may not be the same 
as the combining proportion, or atomic weight ; for one, 
two, three, or even four atoms of one element may be re- 
placed by a single atom of another. 

5. The first column of the table on page 9 gives the 
equivalent power of the elements, that is, their power of 
combining with or replacing one, two, three, or four atoms 
of hydrogen. 

6. Elements which can only replace one atom of hydro- 
gen, are termed Mono-atomic; those which can replace 
two atoms are called Di-atomic; three atoms, Tri-atomic; 
end four atoms, Tetr-atomic. 

7. Thus, an atom of hydrochloric acid (HQ) consists of one 
atom of hydrogen (H) combined with one atom of chlorino (Q), 
and is, in tact, an atom of chloride of hydrogen. 
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Now the atom of H in the atom of HCl may be replaced hj an 
itom, of cither iodium (Na), potassium (K), silver (Ag), iodine (I), 
he., giving rise to chlorides of those several elements, NaCl, 

IgCl, ICl, &c. 

Or the atom of Cl in the atom of IICl, may be replaced by an 
atom of either iodine, bromine, fluorine, &c., giving rise to the 
hydracids, HI, HBr, HF, &c. 

Similarly the atom of Cl in the atom of NaCl, KCl, AgCl, above 
named, can be replaced by an atom of either I, Br, F, &c., forming 
Nal, NaBr, NaF, &c., as the case may be. 

These several elements, which by single atoms are equi- 
valent to each other in their saturating power, are termed 
Mono-atomic. 

8. In comparing an atom of water (HgO) with an atom of Hy- 
drochloric acid t^Cl) we see that the atom of oxygen has the 
power of saturating twice as much hydrogen as the atom of chlorine 
does. 

So, also, we find that the hydrogen (Hj) in two atoms of hydro- 
chloric acid (2HC1) can be replaced by one atom of calcmm (Ca), 
copper (Cu), Lead (Pb). &c., forming CaCl,, CuCla, PbCl*, &c. in 
place of H,C1,. 

Hence these and similar elements which have double 
Lhe equivalent power of hydrogen are called Bi-atomio. 

9. If an atom of gaseous ammonia (NHg) be compared with the 
atom of hydrochloric acid (HCl), it will be seen that the atom of 
nitrogen has the power of saturating three times as much liydrogeu 
as the atom of chlorine does. 

So, also the hydrogen (H,) in three atoms of hydrochloric acid 
(8HC1) can be replaced by one atom of bismuth (Bi), or gold (Au), 
Ac., forming BiClg, AuCl,, Ac., in place of HjCl,. 

The Nitrogen, Bismuth and Gold, having three times 
the equivalent power of hydrogen, are termed Tri- 
atomio. 

10. On comparing marsh-gas (CH^) with hydrochloric acid (HCJ), 
we find the one atom of carbon (C), saturating /bur timet as much 
bydrogeu as tiie atom of chlorine does. 

Or, again, the hydrogen (H*) in /our atoms of hydrochloric acid 
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CHAPTER XVIIL 

THE EQUIVALENT POWEB OB ATOMICITY OF THl 
ELEMENTS; ACID-TYPES. 

1. By the term atomicity or equivalent power of the 
elements is meant their power of combining with, or re- 
placing different proportions of hydrogen. 

2. The atomicity of elements which do not combine 
with hydrogen is ascertained by their power of combining 
with, or replacing, chlorine. 

3. The term equivalent was formerly used as synony- 
mous with atomic or combining weight, but it is now em- 
ployed to denote that proportion of a substance which wiU 
replace in a compound body a given proportion of another 
substance, 

4. The equivalent number may or may not be the same 
as the combining proportion, or atomic weight ; for one, 
two, three, or even four atoms of one element may be re- 
placed by a single atom of another. 

5. The first column of the table on page 9 gives the 
equivalent power of the elements, that is, their power of 
combining with or replacing one, two, three, or four atoms 
of hydrogen. 

6. Elements which can only replace one atom of hydro- 
gen, are termed Mono-atomic; those which can replace 
two atoms are called Di-atomio; three atoms, Tri-atomie; 
and four atoms, Tetr-atomio. 

7. Tims, an atom of hydrochloric acid (HCl) consists of one 
atom of hydrogen (H) combined with one atom of chlorine (Cl)^ 
and is, in lisot, an atom of chloride of hydrogen. 
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Now the atom of H in the atom of HCl may be replaced hj an 
atom, of either sodium (Na), potassium (E), siher (Ag), iodine (I), 
Ac., giving rise to chlorides of those several elements, NaCl, EOi, 
AgCI, ICl, Ac. 

Or the atom of Cl in the atom of IICl, may be replaced by an 
atom of either iodine, bromine, fluorine, Ac., giving rise to the 
hydracids, HI, HBr, HF, &c. 

Similarly the atom of Cl in the atom of NaCl, KCl, AgCl, above 
named, can be replaced by an atom of either I, Br, F, &c-, forming 
Kal, NaBr, NaF, Ac., as the case may be. 

These several elements, which by single atoms are equi- 
valent to each other in their saturating power, are termed 
Mono-atofmio. 

8. In comparing an atom of water (HaO) with an atom of Hy- 
drochloric acid (HCl) we see that the atom of oxygen has the 
power of saturating ttoice as much hydrogen as the atom of cldorine 
does. 

So, also, we find that the hydrogen (H,) in /wo atoms rf hydro- 
chloric acid (2HC1) can be replaced by one atom of calcium (Ca), 
copper (Cu), Lead (Pb). Ac., forming CaCl,, CuCl.^, PbCl^, Ac. in 
place of H,C1,. 

Hence these and similar elements which have double 
the equivalent power of hydrogen are called Di-atomio. 

9. If an atom of gaseous ammonia (NH^) be compared with the 
atom of hydrochloric acid (HCl), it will be seen that the atom of 
nitrogen has the ]^ower of saturating three times as much liydrogen 
as the atom of chlorine does. 

So, also the hydrogen (H,) in three atoms of hydrochloric acid 
(3HC1) can be replaced by one atom of bismuth (Bi), or gold (Au), 
Ac., forming BiCi^, AuCl,, Ac., in place of HjCl,. 

The Nitrogen, Bismuth and Gold, having three times 
the ^uivalent power of hydrogen, are termed Tri- 
atomic. 

10. On comparing marsh-gas (CH^) with liydrochloric acid (HCi), 
we find the one atom of carbon (C), saturating Jour times as much 
hydrogra as the atom of chlorme does. 

Or, again, the hydrogen (H*) in four atoms of hydrochloric acid 
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(41101), can be replaced by one atom of tin (Sn), op one atom 
of platinum (Pfc), &c., forming SnCl^, PtCU, &c^ in place ol 

Hence Carbon, Tin, Platinum, having four times the 
saturating or equivalent power of hydrogen, are termed 
Tetr-atomio. 

11. One atom of a mono-atomic element is equivalent 
to and can replace one atom of another mono-atomic ele- 
ment. 

One atom of a di-atomic element can replace one atom 
of another diatomic element, or two atoms of a mono* 
atomic element ; and so on. 

The equivalent or replacing powers of the elements may be shewn 
thus 

Mono-atomic, E* = K‘. 

Bi-atomic, E*‘ = or E* + E*. 

Tri-atomio, E‘“ = E“‘ or E** + E‘ or E‘ -h E‘ + K‘. 

Tetr-atomic, E‘’ = E*’' or + E' or + B‘^ or E‘* + 1!*+ E* 

or E^ + E^ + E* + E*. 

12. Not only do the elements combine with each other, 
but there are several groups of elements which act collec- 
tively as a single element ; such groups have been termed 
compound radicals. 

18. These compound radicals vary in atomicity or equi- 
valent power, being mono-atomic, di-atomic, &c., like the 
simple elements. 

14. It has been alresdy stated (Chap. VII., § 12) that 
all the acids may be regarded as compounds of hydro- 
gen ; tliey may, however, be conveniently classed accord- 
ing to the type, or model, on which they seem consti* 
tuted. 

15. The simplest class of acids it formed (as in the case 
of Hydrochloric acid), on the type of a molecule of hydro- 
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gen (HH), by replacing one of the atoms of hydrogen by 
another mono-atomic element (Cl), thus 

Hydrogen, 2H ; Hydrochloric Acid, HCL 

Si) S) 

16. The second class of acids is formed, as in the case 
of Nitric acid, on the type of one atom of water (H 3 O), 
by replacing one of the atoms of hydrogen by a mono- 
atomic radical (NO3), thus : — 

Water, ir,0; Nitric Acid, UNO,. 


17. A third class of acids (dihasic) is formed (as in the 
case of sulphuric acid), on the type of two atoms of 
water ( 2 H 2 O), by replacing two atoms of hydrogen by one 
of a di-atomic radical (SO,), thus : — 


2 Water, 211,0 ; 



Sulphimc Acid, II, SO,. 

H. 

SO. 


;jo.. 


18. A fourth class of acids {trihusic) is formed (as in 
the case of phosphoric acid) on the type of three atoms 
of water (SH^O), by replacing three atoms of hydrogen by 
one of a tri-atomic radical (PO), thus : — 


8 Water, SH^O; 


H 

H 



Phosphoric Acid, H^PO,. 

por»* 


19. In a similar way the oxides and hydrated oxides of 
the different metals may be regarded as formed on the 
type of one or more atoms of water, by the replacement 
of the hydrogen by one or more atoms of the metal accord- 
ing to its atomicity. Thus 
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CHAPTER XIX. 

METALS. 

1. The second and larger group of elementary bodies 
consists of the metals. They are fifty- two in number, 
seven only of which — vii. : gold, silver, mercury, copper, 
iron, tin, and lead — were known to the ancients. All the 
others, except three, — antimony, zinc, and bismuth’*' — 
have been discovered within the last 150 years* Some of 
the metals are widely diffused through nature, while many 
are of very rare occurrence. 

2. The metals are distinguished from the non-metallic 
elements, by a peculiar brilliancy, termed the metallic 
luitre^ and by their being good conductors of heat and 
electricity. They exhibit, however, great variations in 
these as well as in their other properties, and in their 
colors. When reduced to a state of minute division, as by 
filing, or any other means, the metallic lustre is lost, but 
the color remains. 

3. With the single exception of mercury, the metals are 
solid at the usual temperature of the air ; but they all fuse 
or become liquid by heat, and if the temperature could be 
raised sufficiently high, they would probably all pass off 
into vapor, as zinc, mercury, and arsenic are known to do. 

4. The fusing or melting point of metals varies ex- 
tremely from — 39° F., at which temperature mercury 
appears solid, to the intense heat of the oxy-hydrogen 
blow-pipe, which is necessary to fuse platinum and some 
other metals. 

* Antimoiiy was described by Basil Valentine in the fifteenth oen- 
tory. Zinc is noticed by Agricola in 1520 a.d. Bismuth is first men* 
ttoaed by Paracelsus in the sixteenth century. 
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The following table shewing the fusibility of diffnrtBt 
taken from Thenard's Chemistry » VoL 1. 


Mercury 


F. 

— 39 * 


Fusible 
below a 
red-heat 
lOOOo 


Potassium 

Sodium 

Tin 

Cadmium, about 
i Bismuth 
Tellurium 
Loud 
Zinc 

Antimony, a little below 
red heat 


136 

190 

442 

442 

497 

600 

612 

773 


.Silver 

(Copper 


Infusible I 
below a I 
red heat I 


Gold 

Cobalt I rather less fusi- 
Nickel J ble than iron 
Iron (cast) 

Iron (wrought) 

Manganese 

Palladium 

Molybdenum 

Uranium 

Tungsten 

Chromium 

Titanium 

Cerium 

Osmium 

Iridium 

Rhodium 

Platinum 

Tantalum 




1873 

1996 

2016 


2786 

3300 

3300 


almost infusible, and 
not to be procured 
in buttons by the heat 
of a smith's forge. 

Infusible in the 
heat of a smith's 
forge. 


Fusible by 
^the oxy* 
hydrogen 
blow- 
pipe. 


r>. Among the volatile metals, that is, those which pass 
off in vapor at comparatively moderate temperatures, are 
mercury, cadmium, arsenic, tellurium, zinc, potassium and 
sodium. 


6. The metals differ greatly from each other in specific 
gravity. Some, like potassium and sodium, are lighter tlm 
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water ; the more common ones are seren or eight timea a« 
heavy as water. The heaviest metal is platinum. 

Table of the Specific Oravitiee of the more common metah, 
at 60® F, compared with Water as the standard. 


Potassium 

•86.5 

Iron (cast) 

7-2 

Sodium 

•972 

Iron (wrought) 

7-7 

Magnesium 

1-7 

Nickel 

8*2 

Aluminium 

2-6 

Copper 

8-8 

Arsenic 

;)*8 

Bismuth 

9\S 

Antimony 

G-7 

Silver 

10i> 

Zinc (cast) 

6-8 

Lead 

11*4 

Manganese 

7*0 

Mercurv 

13-5 

Zinc (rolled) 

71 

GolC 

19-3 

Tin 

7-2 

Platinum 

21*5 


7. Some of the metals are malleable,* that is, they can be 
rolled into thin sheets or beaten into leaves, as gold, copper, 
tin,&c. Other metals are so brittle that they may be reduced 
to powder by hammering, as arsenic, antimony, &c. 

8. Nearly all the malleable metals are ductile, f that is, 
they can be drawn out into wire. It will be seen from the 
following table, that the ductility and malleability of the 
same metal, arc not always in proportion to each other. 

Order of Malleabih'iy Order of Ductility. 


Gold. 

Gold. 

Silver. 

Silver. 

Copper. 

Platinum 

Tin. 

Iron. 

Platinum. 

Copper. 

Lead. 

Zinc. 

Zinc. 

Tin. 

Iron. 

Lead. 


® Malleable, from the Latin maUeus^ a hammer, maul or malieC. 
t Ductile, the Latin dueere^ to draw or lead. 
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Md is the most maUesble of the metsls. A gnin of gold may be 
hmtfn out so at to cover above fifty square inches of surface, or some- 
what more space than is occupied by the two pages of this book now 
open. Gold is also the most ductile of the metals. A gold wire may 
be drawn out so fine, that 550 feet of it will weigh only one grain. 

10. The tenacity* of metals is measured by finding the 
greatest weight which can be supported by a wire of a cer- 
tain thickness. The following table shews the weights 
capable of being supported by wires of different metals, 
each wire being about one-tenth of an inch ( 840 of a line) 
in diameter. From this table it would appear that iron is 
the most tenacious of the metals. 


Iron . 


lbs. 
54 9 25 

Copper 


302*278 

Platinum . 


274*32 

Silver 


187*237 

Gold 


158*753 

Zinc 


109*54 

Tin . 


34*63 

Lead 


27*621 


11. All bodies expand when heated, but metals expand 
the most. An iron wire heated to 212° will be about g^th 
part longer than it was at 32°. The action of the common 
thermometer depends on the ready expansibility of mercury. 

£x. a . — The expansion of metals may be shewn by arranging • 
brick, a knitting-needle, 
or piece of wire, and a 
thin board, as in the 
figure. On heating the 
wire with a spirit lamp, 
the board if carefully 
balanced will be over- 
turned. 

12. Many of the 
metals combine with 

• Tenacity, from the Latin lenaXy ienacis, holding on. 
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each other, forming compounds, termed alloys ; if one of 
the metala be mercury, the compound metal is called an 
amalgam. Thus brass is an alloy of copper and ainc, 
while a looking-glass is " silvered*’ at the back with an 
amalgam of mercury and tin. 

Ex, b, — Melt one ounce of zinc in a ladle* and add to it an ounce o( 
lead, and an ounce of bismuth. They will form an alloy, so fusible 
that it may be melted in bot water. 

Ex. c. — An alloy of eight parts bismuth, fiTe lead, and three tin, 
will melt at the heat of boiling water, or 212^. 

Ex. d . — If two parts of mercury be added to the last when melted, 
an amalgam will be formed, which remains fluid at a much lower 
temperature, and is used for injecting anatomical preparations. 

13. All the metals combine more or less readily with 
oxygen, and frequently in more proportions than one. 
When a metal unites with oxygen it loses its metallic 
lustre, and takes a dull, earthy appearance. The metallic 
oxides may be conveniently arranged in three classes ; — 
Ist, Acidifiable oxides ; — 2nd, Basic oxides or bases ; — 
drd, Neutral oxides. 

14. Aoidifiable oxides are those which, in combination 
with water produce acids (Chap. vii. § 10), that is, com- 
pounds having for the most part a sour taste, and the 
property of changing vegetable blues to red, and browns 
to yellow; their chief and only essential characteristic, 
however, being their power of combining with bases to 
form salts. 

15. Bases, or basic oxides are chiefly distinguished by 
their power of combining with and neutralizing acids. 
They include the alkalies, which are strong"*^ bases, having 
alkaline properties, that is, a peculiar acrid taste, such as 
that of soda, or lime, and the power of turning vegetable 
blues to green, and yellows to a reddish brown. 

* Acids or bases are spoken of as st*^ng or weak according u their 
acid or basic properties are more or less strongly marked. 




METALS. 

187 

16. The following 

is a list of the 

principal baaie 

oxides : — 



Alkalikb. 



Potass or Oxide of Potassium 

K,0 

Soda »» ff 

„ Sodiam 

Na-O 

(Ammonia «> 

„ Ammonium) 

(NH.),0 

Alkaline Eaeths. 



Baryta or Oxide of Barium 

BaO 

Strontia 

.. Strontium 

SrO 

Lime 

Calcium 

CaO 

Magnesia ^ 

Magnesium 

MgO 

Non-alkaline eases. 


Protoxide of Iron 

FeO 

Sesquioxide 

> 

FcjO, 

Oxide 

. Zinc 

ZiiO 

Suboxide 

Copper 

CujO 

Protoxide 

„ 

Ci>0 

If 

Lead 

PbO 


Silver 

Ag.O 

Suboxide 

Mercury 

Hg,0 

Protoxide 

t, 

HgO 

»> 

Tin 

SuO 

Sesquioxide 

Chromium 

Cr.O, 

Protoxide 

Nickel 

NiO 

„ 

Cobalt 

CoO 

>* 

Manganese 

MnO 

Sesquioxide . 


Mn.Oa 

>» 

Antimony 

SbA 

1 7. Neutral Oxides 

I are combinations < 

3 f oxvgen which 

do not poBsesB the properties either of acids or bases. 

Water, or oxide of hydroeeii, H,0~Carbonic Oxide, or 

oxide of carbon, CO, — 

and Nitrous oxide, 

or laughing gas, 

N/),— are examples of neutral oxides among the metalloids. 
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Binoxide of Hax^anese, MnO,— and Binoxido of Lead, 
PbO,— and Sesqnioxide of Bismuth, are ex- 

amples of neutral oxides among the metals. 

18. The non-metallic oxides are mostly acidijiable; 
hence, sulphuric, carbonic, nitric and phosphoric acid. 

The metallic oxides are for the most part bases; as, 
potass, soda, lime, oxide of lead, &c. 

The strong bases are all oxides, or compounds containing 
one atom of oxygen, and its equivalent of metal. 

The weaker oases are usually sesqui-oxides. 

The metallic acids are found only among the highest 
oxides, wliile the indifferent or neutral oxides hold an inter- 
mediate position. 

19. Tlie oxides of manganese afford a striking illus- 
tration of the gradual change of properties by the increase 
in the proportion of oxygen : thus 

Protoxide of Manganese MnO strong base. 

Sesqnioxide ,, „ MnsOj weak base. 

Binoxide „ „ MnOj neutral. 

Manganic acid HjO-fMnOj I strongly 

Permanganic acid H.O-hMnoO^ J acid. 

20. The chief metallic acids are — 

Arsenious acid HgAsO, Antimonious acidH^Sb^O. 

Arsenic „ H^AsO^ Antimonic „ H,Sb,0, 

Chromic „ H^CrO^ Manganic „ H,MnO^ 

Molybdic „ H,MoO^ Permanganic „ HMnO^ 

Titanic „ H,TiO^ Tungstic „ H,WO^ 

To these may be added the following, which, under certain 
circumstances, exhibit acid properties : — 

Ferric acid or Teroxide of Iron FeO« 

Auric „ Sesquioxide cf Gold Au«Ot 

Stannic „ „ Peroxide of Tin 
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21. The metals differ |;reatly in their relatire affinities 
for oxygen. 

Potassium and sodium, for instance, are oxidized by 
mere exposure to the air, and decompose water at all tem- 
peratures whenever they come into contact with it. 

Iron and copper remain unchanged in dry air, and do 
not decompose water at common temperatures ; but each of 
them oxidizes slowly in a moist atmosphere, and combines 
rapidly with oxygen when heated to redness. 

Iron, however, seems to have a stronger affinity for 
oxygen than copper ; for the former can decompose water 
at a red heat, while the latter cannot produce that effect. 

Mercury will remain unoxidized even in a moist atmos- 
phere, and, though it combines with oxygen at about 
6.00® F., its oxide is reduced to a metallic state when heated 
to redness. 

Neither gold, nor platinum, can be oxidized by exposure 
to heat alone. They are only made to combine with 
oxygen by an indirect and difficult process. 

22. The metals may be conveniently arranged in six 
groups, based on the nature of the compounds which they 
form with oxygen. 

Many of the metals being exceedingly rare, and not sufficiently im- 
portant to be considered in an elementary work, their names have 
been omitted from the following table, hut will be found in the general 
list of elements, pages 9, 10, II. 


CLASsirrcATioN of the Metals. 

1 . Met ah of the Alkalies, 

Potassium. Lithium. 

Sodium. (Ammonium), 

2. Metals of the Alkaline Earths. 

Barium. Calcium. 

Strontium. Magnesium. 
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3. MetaU of the Earths proper. 
Alaminium. Glucinium, &o. 


4. Metals whose oxides form powerful hneex* 


Manganese. 

Iron. 

Cliromium. 

Nickel. 

Cobalt. 


Zinc. 

Cadmium. 



Bismuth. 


5. Metals whose oxides are weak bases or acids. 

Tin. Antimony. 

Arsenic. Tungsten, &c. 


6. Metals whose oxides are reducible by heat alone. 

Mercury. Gold. 

Silver. Platinum, &c. 


EXERCISES ON CHAPTER XIX. 

1. How many metallic elements are there Name those which 

were known to the ancients. 

2. How are the metals to be distinguished from the non>mctal]ic 

elements ? 

3. 'What is the natural state of the metals at ordinary tempera* 

lures ? 

4. Give the fusing point of the principal metals. 

5. Name some of the volatile metals. 

6. State the specific gravities of some of the metals. 

7. 'When are metals said to be malleable ? 

8. Why are some metals termed ductile ? 

9. Name the metals in their order (1.) of malleability, (2.) of 

ductility. 

JO. How is the tenacity of metals estimated? Which metal is the 
most tenacious? 

1 1. How may the expansibility of metals by heat be illustrated } 

12. What are alloys and amalgams ? 

13. How may the metallic oxides be classified ? 
li. What are acids ? 

1 5. What are bases ? What are the properties of an alkaline base ? 

16. Name the most important bases, and state their composition. 

17. What are neutral oxides ? Give examples. 
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18. now does the proportion of oxygen affect the chmder of 

metallic oxides ? 

19. Illustrate this by the series of oxides of manganese. 

20. Name the chief metallic acids, and state their composition. 

21. Illustrate the different affinities of metals for oxygen. 

22. How may the metals he conveniently classified } 


CHAPTER XX. 

METALS OF THE ALKALIES. 


POTASSIUM, SODIUM, LITHIUM. 


Potassium. Symbol K ; combining 

weight 

39 

Sodium. 

, Na ; 

9f 

23 

Lithium. 

, L; 

)) 

7 

{Ammonium.) ,, 

, (NHO 

M 

(18) 


1. Potassium, (or Kalium, whence the symbol K.) is a 
silvery white metal, so soft at ordinary temperatures that 
it may be readily cut with a knife. At 32® it is brittle, 
and at 150® it fuses. It is considerably lighter than water, 
its specific gravity at 60® being 0.865. It occurs abundantly 
in nature, but always in a state of combination. 

2. The most striking chemical property of potassium is 
its great affinity for oxygen, with which it unites to form 
the alkali potass or potash. The affinity of potassium for 
oxygen is so strong, that if the metal be exposed to the 
air it immediately becomes covered with a film of oxide, 
hence it can only be preserved by being kept under naphtha, 
a liquid which contiuns no oxygen. 

3. Potassium was first obtained by Sir H. Davy in 1807> 
by decomposing hydrate of potaseium, KHO,by means of 
a voltaic current. The oxygen both of the water and the 
potass appeared at the positive pole, while the hydrogen of 
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the water appeared with the metal potasaiam at the nega- 
tive pole. 

4. Potaatium ia now generally procured, either by fusing 
hydrate of potassium, KHO, with iron turnings, Fe ; or 
by heating together carbonate of potass, K, CO,, and char- 
coal, C. 

In the first case the hydrate of potassium is decomposed 
by the heated iron, which combines with the oxygen, 
while the liberated potassium sublimes, and may be col- 
lected in a cool part of the apparatus. 

2KHO -h 2Fe = 2FeO + 2H -f 2K. 





Fig.C2. 


In the second pro- 
cess, which is similar 
to that for obtaining 
phosphorus, (page 
10.5), the charcoal 
combines with the 
oxygen, forming car- 
bonic oxide, and the 
potassium is set free 
as before. 

The vessel C must 
be filled with naphtha, 
and kept quite cool. 


K3C03+2C«8C0-f-2K. 

a . — Throw a globule of potassium upon a little water in a plate, 
the water will be immediately decomposed. Its oxygen combines 
with part of the potassium to form potaiss, while its hydrogen unites 
with another portion of the metal forming potassiuretted hydrogen, 
which burns w ith a rose-colored flame. 



Fig. CS. 


Ex. J.— Put a globule of potassium on 
the surface of ice, a similar action will 
take place, and a similar light will be 
produced. 

-Er. c. — Perform the experiment dw 
scribed in Chapter IV., p. 21. 
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Jk. d , — Perform £x, a. with water previously colored yellow by 
tarroeric or rhubarb, or rendered blue by infusion of violets or red- 
cabbage ; the yellow will be changed to brown and the blue to greeiif 
thawing that an alkali has been formed. 

Ex. e . — Put a small fragment of potassium with a little flour of 
sulphur into a test tube, and hold it for an instant or two in the 
flame of a spirit lamp. The sulphur and potassium will instantly com- 
bine, forming sulphuret of potassium. Light and heat will be evolved, 
and the tube will be broken. 

Ex. f . — Kepeat the preceding, using iodine instead of sulphur; 
iodide of potassium will be formed, attended with a brilliant light, and 
the breakage of the tube, as before. 

5. Every substance in which oxygen is known to be 
present may be decomposed by the metal potassium, and 
almost all such decompositions are accompanied by the 
disengagement of light and heat. Hence, though not 
applied to any important uses in the arts, it is a valuable 
agent in the hands of the chemist for analysing other 
bodies, 

6. Potass, Potassa, or Protoxide of Potassium, K#0,=94. 
— Pure or anhydrous Potass may be obtained by heating 
potassium in dry air or oxygen, whereby the metal becomes 
converted into a white solid, which possesses powerful 
alkalxM properties, and is extremely caustic ; it fuses at a 
red heat, and is volatile at a white one. 

When this solid is moistened with water, it slakes like 
quick lime, evolving great heat, and forming the hydrate 
of potassium, described in the next paragraph. 

7. Hydrate of Potassium, KHO,=:56.— This substance, 
generally known as caustic potass, is formed whenever a 
solution of potass in water is evaporated to dryness. Thus 
when potassium is burned on the surface of water (as in JSr. 
o.), the water will be found, after the combustion, to contain 
potass ; if this solution be evaporated to dryness, the solid 
aubitance that remains is not pure potass, but a hydrate of 
potassium, each molecule of which consists of one atom of 
water and one of potass (K20-fH20=:2KH0). No increase 
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of temperature can remove the water from this compound, 
for it may be fused and even volatilized unchanged. 

8. Hydrate of potassium may be procured by boiling 
together hydrate of calcium, CaO,HgO, and carbonate of 
potassium, K^COj; the carbonic acid leaves the potass, 
and uniting with the lime, forms an insoluble carbonate of 
calcium, CaCO^, which is precipitated ; the clear liquid is 
then drawn off, and evaporated to dryness in an iron or 
silver vessel, when the hydrate of potassium is left as a 
white, soluble, deliquescent solid. 

K.CO. +CaO,H,0 = CaCO, +2KHO. 

If the heat be continued, the mass fuses, and may then be 
east into moulds, forming pencil-like sticks, in which form 
it is much used by surgeons as a caustic, and by chemists 
for removing carbonic acid gas from gaseous mixtures. 

9. Potass is a constant ingredient in all fertile soils, and 
is found in almost all plants, especially in the leaves and 
young wood, hence it has been termed the vegetable alkali. 
It is known in commerce under the name of poUash and 
pearUushf which are mixtures of the hydrate and carbonates 
of potass, more or less impure. 

The terms pot-ash and pearl-ash point to the source 
whence we obtain potass, namely, the ashes of land plants. 

Es. g , — Pour a little water over some ashes of burned wood in a basin, 
stir the mixture, and leave it a little while in order to dissolve what ia 
soluble. When the heavier parts have settled, strain off the clear 
liquor, boil it to a thick syrup, and set it by to cool ; when cold, it will 
be found a solid mass of impure carbonate of potass. If this be boiled 
with lime as already described, hydrate of potassium (caustic potasa) 
may be obtained. 

If the hydrate be wanted very pure, it may be dissolved in alcohol 
(spirits of wine), which dissolves only the pure hydrate, leaving earthy 
and other impurities behind ; the alcholic solution may then be strained 
off, and the alcohol removed by distillation in a platinum or silver vess^ 
Metallic vessels must be used, as potass combines with silica (flint) and 
alumina (clay), and would consequently corrode glass or poroeUin 
retorts. 

10. Potass possesses powerful alkaline properties, being 
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intensely acrid^ and neutralixing the strongest acids. It is 
extremely caustic, or destructive of animal matter, whellier 
living or dead, hence its use in surgery. 

It is much employed in the nianufactiire of glass, also 
in making soft-soaps, and in the processes of dyeing and 
calico-printing. 

Ejc. h . — Pour a few drops of oil on sonic water in a glass, and tlicn 
stir in a little potass, the potass comlnnes with the oil, forniinga soapy 
mixture, vihirh, if the water were evaporated, would become what is 
commonly called soft-soap. 

This accounts for the soft, greasy feel of potass when touched with 
the hngers, the skin is decomposed and the potass forms a soap with 
its oily elements. For a like reason soiled clothes aie cleansed by 
Imiling with potass, for the alkali unites vut\i the acid of the grease 
contained in tlicm, and forms a soap, soluliie in water. 

Ex. 1 . — Mi\ in a crucible 10 ]>aris of potass (common pearl-ash), 13 
of sand, and 4 of charcoal, and lieal it in a strong Ore ; the potass and 
silica will combine and form a glass (silicate of potasgium) which is ao- 

table in water. 

11. Sodium, (or Natrium, hence the symbol Na), the 
metallic base of the alkali Soda, has a silvery lustre, and a 
slightly reddish tinge. It is so soft that it may he cut with 
a knife, hut, unlike potassium, it retains this softness at the 
freezing point, j it melts at 19 1°, and goes off in vapor 
at a red heat. It is somewhat lighter than water, its spe- 
cific gravity at GO® being 0.972, 

12, Sodium very much resembles potassium in its pro- 
perties, and, like that metal, occurs abundantly in nature, 
but always in a state of combination. Its most important 
compounds are carbonate of sodium, NajCOg, and chloride 
of sodium, NaCl. ; in the latter form it composes vast 
beds of rock-salt in various parts of the world, but is 
still more extensively diffused in the waters of the ocean. 
It is also found very plentifully in sea-weeds and marine 
plants, and seems to be always present m the bodies of 
animals. 

12.* Sodium has a great affinity for oxygen, and must, 
therefore, like potassium, be kept in naphtha. 
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It decomposes water rapidly, but does not burst into 
ftamc. unless it be placed on a bad conductor of heat, 
— or its movements be retarded by mixing stnrcb or gum 
in the water, — or unless the water be heated ; in the latter 
case it takes fire at once, buriiiiig with a characteristic yel- 
low flame, and forming a solution of soda. 

Es. k — Try rxpriitnentk w ih ftoflitim fcimilar to lliose described ^tth 
potsisiuin, Ej'. a, A, c, d, e, f. 

l.S. Sodium was obtained by Sir II. l)n^ y in 1S07, by a 
similar process to that whereby he obtained potassium, 
using, of course, the hydrate of sodium, NaliO, instead 
of the liydrate of potassium. 

Sodium IS now obtained either from the hydrate or car- 
bonate of sodium, by proeesses similar to those described 
n § 4 for obtaining potassium. 

14. Soda, or Protoxide of Sodium, Na.O 62. 
Hydrate of Sodium, NaHO «= 40. 

These substances have similar properties to those pos- 
sessed by the corresiionding compounds of potassium, 
though ill a somewhat feebler degree, and are prepared in a 
similar way ; it will he well, therefore, in order to save re- 
petition, to refer at once to §§ (i, 7, 8, making the neces- 
sary changes in nomenclature. 

li). Soda, being widely diflfused throughout the mineral 
kingdom, was formerly termed the mineral alkali, to dis- 
tinguish it from potass, which, ns being procured from 
wood ashes, was termed the eegeiable alkali. 

Kr. 1 . — Try Ks, g, with the ashes of \»urned tea-weed,— first aa 
impure carbonate, and afterwards a hydrate of todiutu will be obUubeo. 

16. Soda is powerfully alkaline, neutraliiing the strongest 
acids it is extremely acrid to the taste, and very caustic, 
it is employed in the manufacture of glass, and in making 
htari soap. 

17. Lithium, Li«»7. This is a rare meud, somewhat iw- 
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MmbUng sodium, obtained from a few mitteraU, and foim- 
ing the base of an alkah termed Lithia, Li|0. Very little 
is known about lithium or its compounds ; the latter give 
a carmine color to flame. 

18. Ammonium, Nif4=::18. This is a hypothetical* sub- 
stance, being, according to sonic chemists, the metallic 
base of Ammonia, which is a compound, possessing pro- 
perties analogous f to those of potass and soda, and exactly 
replacing them in combination. Ammonium has never 
been obtained in a separate state, and if it really exists, it 
differs greatly from the other metals, inasmuch as it is n 
compound of Hydrogen and Nitrogen, and not a simple 
body. 

19. Ammonia, _ 17. Tin; is a gaseous body, 

formed by the union of hydrogen and nitrogen. It is 
colorless, irrespirabie, and of a pungent, acrid taste. It 
possesses powerful alkaline properties, and is lighter than 
common air (sp. gr. O..*)?)}. 

If the gis bf pei-fectly dry, it hm no sctiooon vegttsblc colors. (Com* 
pare Chip. VII J 14.) 

20. Ammonia has a strong affinity for water, which 
readily absorbs more than 700 times its bulk of the gas, 
acquiring its odor, taste, and alkaline properties. This 
solution, NHj,HjO, is called '^liquor amm(mia*\oT ** spirits 
of hartshorn^'" and is the common form in which ammo- 
nia is sold and used. It has been considered by some as 
a hvdrate of ammonium (NH^)HO corresponding to the 
tiyJrate of potassium, KHO : or the hydrate of sodium, 
NaHO. 

21. Tlie name ammonia is derived from the old name 
fidveu to cblondc of ammonium, NH^Ci, saUammoniaeum, 
the Ammoniac salt, from Ammonia, a district in Northern 
Africa, whence it was obtained. 

* I/ypotketieal — supposed, taken for graaled. 

^ ^lefcyoau— ccrrespoxiding to, ir'seoibliog. 
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It was formerly called *Upirits cf hartshorn oecauM 
it was obtained by the dry distillation of hornsy bones, 
hoofs, and other animal matter. It has likewise been 
termed the volatile alkali, from its readiness to assume the 
gaseous form. 

22. A.mmonm may be readily prepared by heating to- 
gether in a retort or flask, one part of sal-ammoniac (chlo- 
ride of ammonium) and two parts of quick-lime j and 
collecting the gas over mercury, or by displacement, t. e. 
by carrying the delivery tube upwards into dry inverted 
jars. 

The decomposition may be shewn as follows — 

2NH^Cl + CaO == CaCl, -1-11^0 + 2^^113. 

Ammonia may also be prepared by the decomposition 
of dilute nitric acid by either iron or zinc. 

Thus— 

dZu + OHNO, = 4(Zn2N03)+3H,0 + NH,. 

2 d. iv eunsiderable quantity of ammoniacal vapor is 
given off during the distillation of 
coal in the process of gas- making, 
(Chap. XII., § 19). It may likewise 
be procured, as already stated, by 
distilling in an iron retort, bones^ 
horns, hoofs, &c. 

In whatever way the gas is pro-- 
pared, a solution of ammonia may 
be readily obtained by passing a enr- 
rent of gas through water. 

24. Ammonia is one 9f the most active and valuable 
elements of manure 5 it is produced by the putrefaction of 
all organic substances which contain nitrogen. It exists 
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jb tmall qnantities in atmospheric air, from which, accord- 
tag to Liebig, it is absorbed by the leaves of plants ^ it 
enters their roots when dissolved in water, and greatly in- 
ereases the luxuriance of vegetation. 

Ex. n. — Pound together in a mortar small pieces of quick-lime and 
aal-ammoniac. Though separately they have no scent, they will when 
thus mingled give off a powerful odor of ammonia, as above explained. 

Ex. o. — Pass a current of ammoniacal gas through water colored 
either with turmeric, reddened litmus, or tincture of red cabbage ; the 
color of the first will he changed to brown, of the second to blue, and 
of the third, to green. 

The experiment may be varied by exposing slips of paper moistened 
with the colored liquids to the action of the gas ; or by adding a few 
drops of liquid ammonia to the several solutions in test glasses. 

Ex. p. — Make a very weak solution of sulphate of copper, and add 
to it liquid ammonia ; hydrated oxide of copper is at first precipitated, 
but will be instantly redissolved, and form a beautiful blue solution. 

Ex. q, — Fill a long, dry, glass tube closed at one end witli ammo- 
niacal gas ; when quite full, remove it, keeping it perfectly upright, and 
immerse it, mouth downwards, in a vessel of water (containing more 
than sufficient to fill the tube) , (he gas will he rapidly absorbed by 
the water, which will rush up the tube with considerable force. 

/'/ r. — Fill a bag with ammoniacal gas, and substitute it for the 
fljsk B in the adjoining diagram, and pass the gas over binoxide of 



Fig*. 64. 

■MBganeae heated to redness in the tube a b. The ammonia will be de- 
composed, and its elements uniting witli the oxygen from the mineral 
wiD form water and nitiic oxide gas, which latter may ’'e recog- 
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Dbed by the red fumes resulting from its combination with the oxyges 
of the air — 

2NH3+7MnO, = 7Mn0 + 3H,0+2N0,. 

Bm. 8 . — Perform Ex.g,t Chap. XII.. using 2 measures of ammoniacal 
gas and U of oxygen, explosion will ensue. The oxygen will unite 
with the hydrogen to form water ; the nitrogen will be disengaged ; 
some of the oxygen will unite with the nitrogen to form nitric acid, 
hence the water in the bottle will be slightly acid. 

Ex. t . — Heat a globule of sodium (or potassium) with a little mer- 
cury in a test-tube, they will combine and form an amalgam. When 
cold, pour over it a strong solution of chloride of ammonium. The 
mercury will greatly increase in bulk, without losing its lustre, and fill 
the tube with a light pasty amalgam. The chlorine and the sodium 
unite to form common salt, while the mercury combines with the am- 
monium, without losing Us metallic lustre. Now there is no instance 
of mercury or any other metal retaining its metallic properties when 
combined with a non-raetallic substance. The inference is, therefore, 
that ammonium is a metal.” — Porter. 

EXERCISES ON CHAPTER XX. 

1. State the symbol, combining equivalent, and leading physical 

properties of potassium. 

2. What is the most striking chemical property of potassium ? 

3. When, and by what means was potassium first obtained ? 

4. How is potassium generally procured ? 

5. Why is potassium a valuable chemical agent? 

6. Name some of the characteristics of pure potass. 

7. What is hydrate of potassium? 

8. How may hydrate of potassium he procured? 

9. Where is potass found in nature r Whence does it obtain its 

different names 

10. Name some of the properties and uses of potass. 

11. State tiie symbol, combining equivalent, and leading character* 

istics of sodium. 

12. How is sodium distributed in nature } 

1 3. How may sodium be procured ? 

14. State the properties of soda, and of the hydrate of aodium. 

15. Why has soda been termed the mineral alkali ? 

16. Name some of the uses of soda. 

17. What is lithium ? 

18. What is ammonium ? 

19. Describe the leading properties of ammonia. 
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to. WhAt ii liquid ammonia ? 

21. By what names is ammonia known, and whence are they de* 

rired? 

22. How may ammoniacal gas be prepared ? 

23. How may liquid ammonia be obtained ^ 

24. Of what use is ammonia ? 


CHAPTER XXI. 

METALS OF THE ALKALINE EARTHS. 


BARIUM, STRONTIUM, CALCIUM, MAGNESIUM, 


Barium. 

Symbol Ba. 

Cornbinwf/ weight 137. 

Strontium. 

„ Sr. 

>» 

„ S7.5. 

Calcium. 

„ Ca. 

>» 

., -10, 

Magnesium. 

Mg. 


„ 21. 


1. Barium is a silvery-looking metal, prepared from 
barj’ta by a similar process to that described for obtaining 
potassium. It decomposes water, and oxidizes on exposure 
to air. 

2. It occurs in nature in combination with sulphur and 
carbonic acid, forming veinstone, which is frequently found 
in lead mines, and is called hy the miners heavy spar, in 
allusion to its great weight ; (jSapuf, baruSy heavy.) 

3. Bar3rta, or Barytes, BaO = 153.— This is the oxide of 
the metal Barium, and when anhydrous, is a grey, porous 
mass, that slakes, like lime, when moistened with water, 
forming the hydrate of barium, BaH,Oj. All the solutions 
of baryta are more or less poisonous. 

4. Strontium is a metal similar to barium, but darker 
in colour, and produced from strontia by a like process ; 
it is found in the lead mines of Sirontian, in Argyleshire, 
▼kence it derives its name. 
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5. Strontia, SrO= 103.5. — This is the oxide of the metal, 
strontium, and resembles baryta in almost every particular. 

Ex, a. — Strontia and it* compounds may be instantly known by 
the brilliant red color which they give to flame ; this may be seen by 
placing a crystal of the nitrate of strontia or some powdered strontia 
into the flame of a candle or spirit lamp. 

6. Calcium is similar in appearance and properties to 
the last two metals ; it may be obtained, though with diffi- 
culty, from lime, by fusing it with potassium. 

7. Lime, or the oxide of calcium, CaO=^‘J8. — I bis is an 
extremely important compound ; it is prepared for build- 
ing and agricultural purposes, by heating clialk or other 
limestones to redness for some hours in a kiln. By this 
{process the chalk, which is a carbonate of lime, is decom- 
posed, and the carbonic acid is driven off, while the lime 
remains. When moistened with water it slakes, evolving 
much heat, and crumbling into a soft powder, which is 
the hydrate of calcium, CaHoOj. This hydrate parts with 
the water again if exposed to a red heat. 

8. Tliehydrnte of calcium is sligljtly soluble in water, and 
it is remarkable that the colder the w^atcr, the larger the 
quantity of lime dissolved. The solution is cs!!ed lime- 
water, and is kept as a test for carbonic acid. 

9. Lime-water has a disagreeable taste, is acrid and 
caustic, like solutions of soda and potass. It has a strong 
alkaline character, turning vegetable blues green, and 
yellows of a reddish-brown, and restoring the blue color 
of reddened litmus paper. 

10. By exposure to the air, it becomes covered with a 
film of carbonate of calcium, CaCOj, which is due to the 
absorption of carbonic acid gas from the atmosphere. 
The hardening of mortar, which consists of lime and sand, 
is owing to the same cause. 

11. Besides being used for making mortar, lime is 



METALS OP THE ALKALINE EAETH8. 


153 


employed in agriculture, to increase the fertility of the 
«oil. Its action in this respect is not well un/ierstood, 
but its effects are most striking on clayey soils and on 
lands which contain an excess of vegetable matter, as turf 
or peat. 

12. It probably improves the peaty soils by causing the 
rapid decomposition or clecaj' of the vegetable matter con- 
tained in them ; and the clayey soils, by decomposing the 
insoluble compounds of potass (silicates, &c.) and setting that 
alkali free to be dissolved by the rain-water and carried into 
the tissues of plants. 

Ex. h . — Place a few small pieces of chalk in a crucible, and subject 
them to a red heat for an hour or so. This will drive off the carbonic 
acid, and leave the lime pure. 

Bar>'ta and strontia may be obtained by treating their carbonates or 
nitrates in a similar manner. 

Ex. c , — Stir a little lime in some cold water, and allow it to settle, 
the clear solution is lime-water. Dip a piece of reddened litmus 
paper into some of it, aud the blue color will be restored, showing 
that it has alkaline prot)«rtie8. 

The alkaline properties of baryta and strontia may be shown in a 
similar maimer. 

Ex. d . — Boil some of the clear, cold lime-water in a glass flask ; as it 
becomes warm, verj' small crystals of lime will be deposited, which 
will he again dissolved as the liquid cools. 

13. Magnesium is a soft white metal prepared from 
the chloride of magnesium, MgCl,, by fusing it with po- 
tassium. It burns when heated in the air, producing a 
brilhant white light, suitable for illumiuatioii aud for pho- 
tographic purposes, and forming a white powder well 
known as magnesia. 

14. Magnesia, MgOs=40. — This is the only oxide of 
the metal, and is prepared by raising to a white heat in an 
earthen crucible the common magnesia of the shops, which 
ia a carbonate. As in the case of lime, the carbonic acid 
is driven off by heat, and there remains, pure, or as it is 
sometimes called, calcined magnesia. It is a soft white 
powder, attracting moisture and carbonic acid from the 
atmosphere. Its alkaline reaction is not so easily shown 
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as that of the previous oxides, out it completely neutralises 
the most powerful acids. 

EXERCISES ON CHAPTER XXL 

1. Give the names, symbols and equivalents of the metals of the 

alkaline earths. State the properties of barium. 

2. Name some natural combinations of barium. 

3. Describe the nature and properties of baryta. 

4 . What is strontium } 

5. Give the symbol, &c. for strontia. 

6. How may calcium be obtained ? 

7. How is lime procured ? 

8. What is lime-water ? 

9. Describe the properties of lime-water. 

10. Why does mortar harden on exposure to the air ? 

11. On what kind of soils is lime most useful } 

12. How does lime act in promoting the fertility of the soil ? 

13. Describe the metal magnesium. 

14. What are the properties of magnesia 


CHAPTER XXIT. 

METALS OF THE EARTHS PROPER. 

ALUMINUM, OR ALUMINIUM, &C. 

Aluminium. Symbol Al. Combining weight 27.5. 

1. Aluminium is prepared by decomposing the chlo- 
ride of Aluminium, ALClg, by means of metallic sodium. 
It is a white metal, having the appearance of tin, but 
much lighter. It does not readily tarnish in the air, and 
may indeed be poured in a melted state from one vessel to 
another without oxidation (sp. gr. 2.6). 

2. It has recently hei*ii prepared in somewhat large 
quantities, with a view to its employment in the arts. A 
cneap method of obtaining potassium or sodium, would no 
doubt lead to the more general use of this metal. 

3. It is highly souorous, and therefore suited for tbi 
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manufacture of bells. On account of its lightness and 
tenacity the French government have proposed using it 
for helmets and cuirasses. Its power of receiving tind re- 
taining a brilliant polish, combined with its lightness, 
would cause it to be used for many purposes in which silver 
is now employed. 

4. Alumina, or the sesquioxide of aluminium, A]o 03 = 
108. — This substance is one of the most abundant produc- 
tions of nature. It is found in every region of the globe, 
and in rocks of all ages. The different kinds of clay 
of which bricks, pipes, and earthenware are made, consis!: 
of silicate of aluminium in a greater or less degree of purity. 

5. This earth generally appears in rude shapeiess masses, 
but sometimes it is found beautifully crystallized. The 
ruby and the sapphire are composed of nearly pure alumina 
with a little coloring oxide. 

6. Alumina is mostly found combined with silica and 
potash, as in the case of the mineral termed felspar, which 
forms the chief constituent of granite, porphyry, and other 
unstratified rocks, and may he considered a double silicate 
of potassium and aluminium, K 4 Si 04 -f AhSSiO^. 

7 The gradual crumbling down of hard granite rocks, 
is owing to the decomposition of the felspar and the re- 
moval of the silicate of potasBium; the result is clay, in a 
greater or less degree of purity. The white porcelain clay 
of Devonshire and Cornwall is thus produced from the 
fine white granite of those districts. 

Clays are often colored, owing to the presence of oxide 
of iron or other substances. Clays which contain chalk or 
carbonate of calcium are termed marhy and may be known 
by tbeir effervescing with acids. 

8. Pure Alumina has neither taste nor smell, is of a 
white color, and is quite insoluble in water, which, how- 
ever, it readily absorbs. It has a strong affinity for various 
coloring matters j hence, it is of great importance in dye- 
ing ; the pigments called lake colors, such as crimson 



156 


CHEHIBTBT. 


lake, madder lake, &c., ate coloring matters combined 
with alumina. 

a. — Boil cochineal in v^ater until its color is extracted ; in thia 
infusion dissolve some alum (which is a sulphate of alumina and potau), 
and then add ammonia. This will take away the sulphuric acid of the 
alum, and precipitate the alumina, which will carry down with it the 
coloring matter of the cochineal, and leave the liquid clear and 
colorless. The precipitate is carmine. In the same way numerous 
other colors may be made. 

9. The other metals of this class occur only in very 
small quantities, or in extremely rare minerals, and have 
therefore been passed over. Their names are Cerium, Di- 
d^ium, Erbium, GHucinium, Lanthanum, Norinm, Ter- 
bium, Thorium, Yttrium, and Zirconium. 

EXERCISES out CHAPTER XXII. 

1. State the symbol, equivalent, and properties of aluminium. 

2. Why is not aluminium in common use P 

3. For what purposes might aluminium be employed ? 

4. What is alumina? 

5. Name some natural forms of alumina. 

6. What is felspar P 

7. Ilow is porcelain clay produced P What is marl? 

8. What are the properties of pure alumina ? 

9. Wljy are the other metals of this class comparatively unim- 

portant ? 


CHAPTER XXIIL 

METALS WHOSE OXIDES FORM POWERFUL BASES. 

Group A — Not precipitahh from acid solutions by sulphuretted 
hydrogen. 

MANGANESE, IRON, CHROMIUM, NICKEL, COBALT, ZINC. 

Manganese, Symbol M, Combining weight 55. 


Iron, „ 

Fe. 

if 

5C- 

Chromiiua, „ 

Cr, 

„ 

52.5. 

Hiokel, „ 

Ni. 


59. 

Cobalt, „ 

Co, ,, 


59. 

Zinc, „ 

Zn, 

*> 

65.2 

1. Manganese is a grey metal, something 

like cast-iron, 
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?€iy hard and brittle. It fuses with difficulty, and when, 
pure oxidises so rapidly, that, like potassium, it must be 
kept in naphtha. It is found in nature chiefly in the form 
of the black oxide or peroxide, MnO^, and as a constituent 
of many other minerals. 

2. The black oxide is employed in the preparation of 
oxygen and chlorine, as already stated ; it is also used to 
give a violet tint to glass, and in the production of artificial 
amethysts. There are several other oxides of this metal, 
some having acid properties, but they are of comparatively 
little importance. 

a. — Mix togetlier in a mortar equal parts of salt-petre (nitrate 
of potassium) and black oxide of manganese ; put this mixture into a 
crucible large enough to hold three times the quantity, and expose it 
to a red heat for half-an-hour, or as long as any gas is given off. 
When cold, add a little water to the mass, u green solution of manga- 
nateof potassium will boobtained, which maybe poured off, evaporated, 
and crystallized. It has been called the mineral chameleon from the 
curious changes it undergoes. 

Ex. b. — Put some of the clear solution formed in the preceding ex- 
periment, or 10 or 12 grains of the crystals into a tall glass, and 
add gradually some water ; the green color soon begins to change 
through light green, blue, purple, to a crimson-red. If a few drops of 
sulphuric acid be added to the green solution, the change to red is in- 
stantaneous. These alteratious of color arise from the salt attracting 
oxygen. 

Ex. c. — Put into either the green or red solution, a piece of wood or 
pai^r, or other organic substance, and the color will be removed, so 
easily is the acid decomposed. 

Ex. d. — Put some of the crystals into two glasses, and add to the 
one Aof, and to the other, cold^ water. The hot solution will be of a 
beautiful green color, and the cold one of a deep purple. 

^ Ex. e . — Pound some flint-glass in a mortar, and add to it a very 
little black oxide of manganese ; fuse the mixture by the blowpipe or 
in a crucible. The glass will become of a beautiful amethyst color. 

3. Iron 18 a most Important metal, it occurs native to a 
small extent. When pure, it is of a bluish-white color, has 
a metallic lustre, is very soft and tough, exceedingly 

lalleable, and highly tenacious. 
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4. The ordinary source of this metal is the clay iron- 
stone which is found in thin beds or nodules, associated 
with coal. The iron-stone consists of the oxide of iron, 
carbonic acid, silica, clay, lime, magnesia, and other sub- 
stances. It is first broken to pieces and heated in a 
furnace to expel the water and carbonic acid, and is then 
ready for reduction to the metallic state. The furnace in 
which this process of reduction or smelting is carried 
on, is usually of large dimensions, sometimes fifty or sixty 
feet high, the interior being lined with fire-bricks. The 
})ottom of the furnace is closed, and a blast of air is 
introduced by means of pipes. The roasted iron ore, which 



contains on an average about 30 per cent, of metal, is intro- 
duced at the top, mixed with coal and limestone. It is 
worthy of observation, that the materials necessary for 
the reduction of the iron are all found in the same locality. 
When once the furnace is in operation, the smelting con- 
tinues for years without intermission, fresh materials being 
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from time to time introduced at the top. It is thought 
that the iron is reduced to iU metallic sUte in the central 
parts of the furnace, where the temperature is very 
nigh. As the mass sinks down in the furnace to the 
part termed the boshes, it becomes more strongly heated ; 
the iron unites with the white hot carbon, forming car- 
bide or carburet of iron, while the »ilic^ '.nd alumina unite 
with the lime of the limestone to form a glassy slag. The 
iron and slag now reach the bottom or hearth in a fluid state, 
and arrange themselves according to their weight ; the 
molten iron at the bottom, and the slag floating on its 
surface. These are then drawn off through different open- 
ings at the bottom of the furnace, and the iron being rim 
into moulds of sand, constitutes the cast-iron or pig-iron ot 
commerce. 

5. Formerly these furnaces were heated with coke, but 
by the introduction of hot air through the blast pipes, raw 
coal may be used instead. The air is raised to a tem- 
perature of G00° or 700® by being made to traverse a series 
of red hot iron pipes, it is then forced into the furnace by a 
blower, worked by a steam engine. An immense saving of 
fuel is effected by this arrangement, which is termed the hot 
blast. 

6. The cast-iron or pig-iron of commerce is converted 
into malleable wrought-iron 
by a process ceUled puddling. 

This process is conducted 
in a reverberating furnace. 

The cast-iron is laid on the 
bed of this reverberating 
furnace, a current of burn- 
ing gases proceeds from the 
fuel, which is reflected to the 
bed of the furnace by the 
arched roof. The heat soon 
melte the metal, which becomes covered with a crust of the 
oxide of iron. The workman, with an iron rod like a boat 
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oar, diligently stirs the melted mass, so as thoroughly to mu 
the oxide with the metal, and bring eveiy part of the 
molten mass to the surface. A little water is occasionally 
thrown on the metal, to promote a more rapid ab8orptio];i 
of oxygen. The object of the process is to convert the 
carbon of the cast-iron into carbonic oxide, CO, and jets of 
this gas may be seen burning on the surface, with its cha- 
racteristic blue flame. The mass gradually loses its fluidity, 
and becomes pasty and granular. The heat of the furnace 
is now quickly raised, the workmen gather the particles 
into large balls, which are removed from the furnace, and 
placed under a large hammer — by which most of the fluid 
impurities are squeezed or hammered out. The iron is 
then heated a second time, and passed between large iron 
rollers, furnished with grooves; by which process it is con- 
verted into the wrought bar-iron of commerce. 

7. When very superior iron is required, the bars thus made 
are cut into a number of pieces, which are bound together 
and again raised to a white heat, hammered and rolled into 
a single bar. This process is sometimes repeated two or 
three times, and is called fagoting. Wood charcoal is the 
best fuel for the reduction of iron, but the expense is too 
great to admit of its use. 

8. Steel, which is a compound of carbon and iron, is 
made from cast-iron, by burning out half its carbon, or 
from wrought-iron by restoring half the carbon of which it 
was deprived in the puddling furnace. The latter is the 
process generally adopted, and is termed ceiueiitafion. It 
consists in burying bars of the best malleable iron in boxes 
containing charcoal powder, and strongly heating them for 
several days. Under these circumstances, the iron takes 
up about one ISOtb part of its weight of carbon, becoming 
harder and more elastic, but less malleable than before*. 

9. The degree of hardness depends on the rate of cool- 
ing. Steel, if heated to redness and cooled slowly, becomes 
almost as soft and malleable as wrought-iron. This pro- 
cess is called annealing. 
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10. If cooled very suddenly, it becomes as hard and 
brittle as cast-iron ; in this state it is unfit for most uses, 
and is therefore subjected to another process termed tem^ 
perinff. The sort of temper attained, depends upon the 
degree of heat imparted ; for any portion of its original 
softness and malleability may be restored, by reheating and 
slow cooling. 

11. The proper degree of beat maybe ascertained by 
the color assumed by the heated steel. Tools for working 
metals are heated to a pale yellow ; planes and knives to a 
darker yellow ; chisels and hatchets to a purplish yellow ; 
springs to a full purple. In each case the metal is allowed 
to cool slowly. 

12. * The colors are owing to the different degrees of 
oxidation to which the steel is subjected. They may all 
be seen by heating a steel knitting needle in the dame of a 
lamp. Where the heat is greatest, the needle becomes 
blue or purple, shading off into pale yellow on either 
side. 

13. The toughness of wrougbt-iron depends chiefly 
on its fibrous character, but this toughness slowly disap- 
pears when the iron is subject to continued hammering 
or jarring, in consequence, it is believed, of the develop- 
ment of a crystalline structure, similar to that seen in cast- 
iron when broken. Accidents often happen through 
the breaking of axles and shafts, in which this change of 
structure has taken place. 

14. Wrought-iron becomes soft at a white heat, and in 
this state two pieces may be united into one by hammering. 
This property, which adds greatly to the usefulness of iron, 
belongs to no other metal except platinum. The pro- 
cess is termed welding, 

15. Another distinguishing property of iron is its sus- 
ceptibility of magnetism. The loadstone itself, in which 
this power was first noticed, is an iron ore. 

Maraetism may be communicated to iron by contact with 
a loaostone or an artificial magnet, but immediately dii- 

M 
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appears from %oft iron vhen the magnet is remored ; steei, 
on the contrary, retains its magnetic power, and does not 
lose it until heated to redness. 

16. In air absolutely dry, and in water entirely free from 
air, iron undergoes no change; but when both air and 
moisture act upon it together, it speedily rusts or oxidises. 

17. Protoxide of Iron, FeO=72 : — This is a very power- 
ful base, completely neutralizing acids. It is almost unknown 
in a separate state, from its great readiness to absorb oxygen 
and pass into the sesqui-oxide. The soluble compounds 
which it makes with acids have generally a pale green 
colour, and a disagreeable metallic taste. 

18. Peroxide of Iron. Fe 30 ,= 100 : —This body, which is 
a sesqui-oxide of iron, and is nearly the same as rust of iron, 
occurs native, and is known in mineralogy as specular iron 
ore, and as red or brown hwmatite. It combines with acids, 
forming compounds usually of a reddish color. 

19. Black Oxide of Iron, — When iron is heated to red- 
ness in the open air, it rapidly absorbs oxygen, and is 
converted into black scales. Such scales may be seen 
flying off from a mass of red-hot iron as the blacksmith 
hammers it on his anvil. These scales, which have been 
termed by some, the black oxide of iron, and by others, the 
protoxide, are rather to be considered as a mixture of pro- 
toxide and peroxide, FeO-f FegOa. As a natural product, 
it is known as the magnetic oxide of iron, or loadstone. 

Sjt./.— W ind a piece of fine iron or steel wire round a lead pen- 
cil BO that it may form a coil, fasten a bit of thread 
to the end, and dip it in sulphur. Inflame the sul- 
phur, and immerse it while burning, into a jar of 
oxygen, the wire will immediately begin to bum, and 
fly off in brilliant sparks. These sparks, if examined 
when cold, will be found very different from the 
metal from which they were formed, being brittle and 
without metallic lustre ; they are the black oxide of 
iron. The inside of the jar will be seen covered with 
a red powder, this is the peroxide of the meN* 
Flc. sr. When performing this experiment, tome water of 
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wet Mnd thould 1»e placed at the bottom of the jar, in order to catch 
the melted particleSf which are so hot that they would otherwise crack 
the jar ; the jar, too, should be rather wide, lest the sparks should strike 
its side and produce the same result. 

Kje, §. — To distinguish iron from steel. Let a drop of diluted nitric 
acid fall upon the metal ; and after a few minutes, wash it off with 
water. If the metal he steel, a black spot will be left on it ; if it be 
iron, a whitish grey spot will remain. The acid dissolves the iron in 
both cases, Imt the carbon of the steel remains undistolved, and pro- 
duces the blackness. 

20. Chromium derives its name from the Greek word 

chroma, color, on account of the beautiful color of 
many of its compounds, which are largely used both in 
painting and dyeing. 

It ii a hard, greyish-white, brittle metal, and, like man- 
ganese and pure iron, very difficult to be fused. 

21. Chromium is found chiefly in chrome iron^done, a 
mineral somewhat abundant in the Shetland Isles and else- 
where, and consisting of oxide of iron and sesqui-oxide of 
chromium, FeO^-Cr^O). It forms four compounds with 
oxygen, corresponding to the compounds of oxygen and 
iron. 

22. Protoxide of Chromium, CrO = 68 5 ; — This is a 
powerful base, forming pale blue compounds with acids, 
and rapidly absorbing oxygen. 

23. Sesqui-oxide of Chromium, CrjO, = 153 : — This 
•ubst^ce, which is of a fine green colour, and much used in 
painting on glass, porcelain, and enamel, may be obtained 
in the anhydrous state by lieating bichromate of potassium, 
^«P» 2 Cr 03 , or rather K^CrnO^, to redness. One half the 
acid is decomposed, oxygen gas being liberated, and sesqui- 
oxide of chromium remaining mixed with chromate of 
potass : the latter may be dissolved out by water, and the 
sesqui-oxide washed and dried. 

2 (KxCr 307 ) = 2(K3Cr04) +30-l“Cr20g. 

u % 
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24. Chromic acid, HjCrO^ — 118.5. — When oxide of 
chromium is heated with an alkali in the air, oxygen is 
absorbed, and a chromate of the alkali formed. 

Chromic acid may be obtained nearly pure by mixing a 
cold saturated solution of bichromate of potassium irith 
half as much again by measure of sulphuric acid. 

KA207+2H,S04-hH,0 = 2KHSO,+2H,Cr04. 

Chromic acid acts upon and destroys vegetable colours, 
and is hence used to bleach tallow and palm oil previous to 
their manufacture into soap and candles. 

Its compounds are of considerable importance, and will 
be noticed under the head of chromates. 

25. Nickel was discovered in 17.51. It is found (usu- 
ally combined with arsenic) in the Harz mountains, and 
some other places, and also in meteoric stones. The old 
German miners gave it the name of kupfer-nikelt thinking 
it a kind of false copper ore. 

26. Nickel is white, brilliant, ductile, and malleable, and 
strongly magnetic. Its principal use in the arts is for the 
preparation of the alloy termed German silver, which is a 
mixture of 100 parts of copper, 60 of zinc, and 40 of 
nickel. This alloy is very malleable, and will take a high 
polish. 

27. Cobalt is a metal of a reddish grey color, hard, 
brittle, and fused with difficulty ; it is also strongly mag- 
netic. It greatly resembles nickel, witli which metal and 
arsenic it is generally associated. 

28. Oxide of Cobalt^ CoO==75: — This substance imparts 
a magnificent blue color to glass : the pigment called malt 
consists of glass so colored and ground to powder. Zaffire 
and cobalt- ultramarine are likewise preparations of cobalt. 

Ex* A.— Perform experiment e as described under manganese, 
oxide of cobalt instead of that metal, and the result will be a beautinu 
‘ bine glass. 
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29. gjp fi is a somewhat abandant metal, of a bluish white 
color ; and brittle at ordinary temperatures. At a heat, how- 
erer, somewhat above that of boiling water (250® — 300®)^ it 
ia malleable and ductile, and hence it is now used for nume- 
rous purposes instead of lead. At a higher temperature it 
again becomes brittle, so that at 400® it may be reduced 
to powder. At 773® it fuses, and crystallizes if cooled 
slowly ; at a red heat it boils and goes ofF in vapor. 

30. The most valuable of the ores of zinc are the 
native carbonate or hpis calaminaris, and the sulphuret or 
blende; they are found associated with lead ores in Great 
Britain and other parts of the world. 

31. Zinc is obtained by placing the carbonate or sulphu- 
ret of the metal (the latter previously roasted to expel the 
sulphur) into a large earthen retort, with one-fifth its 
weight of charcoal j this mixture being raised to a red 
heat, the ore is decomposed, the charcoal combining with 
the oxygen, escapes into the air, while the reduced metal 
distils over as a vapor, and is condensed into the metallic 
state in a vessel of water, into which the tube of the retort 
ia immersed. 

32. Zinc is now used for many articles formerly made 
of copper, lead, or iron, as it is cheaper than copper, harder 
and lighter than lead, and less liable than iron to be in- 
jured by air and water. It is sometimes used as a coating 
to protect iron chains, &c., from rusting. This coating is 
produced by plunging the iron, previously made perfectly 
clean, into melted zinc, which ^rms an alloy on its surface. 
Iron so covered has been called, but without reason, GaU 
vanited Iron. 

Zinc is extensively employed in the arts, in combination 
with copper, with which it forms the well-known alloys, 
brass, mosaic gold, pinchbeck, &c. 

33. Oiide of Zinc, ZnO *= 81 : — Zinc soon tarnishes 
when exposed to moist air, becoming covered with a thiyi 
fllm of oxide, that resists farther change. 
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When the metal is raised to a red beat, iu contact with 
the air, it takes fire and bums 'with a whitish green daiiie« 
being converted into oxide of zinc, which escapes in dense 
white fumes, that finally settle into a 'woohlike substance, 
called by the old chemists Philosophers wool, 

34. The oxide of zinc may also be prepared by heating 
..he carbonate of the metal to redness, or by adding caustic 
potass to a solution of any salt of zinc, such as the sul- 
phate; in the latter case, a hydrate of the oxide, ZnH,0,, 
will be precipitated, which is soluble in an excess of the 
alkali. 

35. Oxide of zinc is a white powder, inodorous, tasteless, 
insoluble in water, and infusible by heat. At a low red 
heat it becomes yellow, but recovers its whiteness on cool- 
ing. It has been proposed to use oxide of zinc as a 
paint instead of white lead (carbonate of lead), because it 
is prepared with leas danger to the health of the workmen, 
and retains its color better when exposed to a smoky 
atmosphere. 

£x, i. — Melt some pieces of zinc in an iron ladle ; drop the melted 
metal, little by little, into a pail of water ; the hardened drops arc 
called j^anu/afed jrtnc, and may he removed and kept for making 
hydrogen and for other purposes. When all the metal has been 
poured away, turn the dross out of the ladle into the hottest part of 
the fire. The metallic particles contained in it will hum, aa above 
described, with a beautiful flame. 

£x, k. — Put some zinc filings or turnings into a deflagrating spoon, 
together with a small piece of phosphorus, light the latter and plunge 
tlie spoon into a jar of oxygen ; the metal will burn, and give rise to 
dense white fumes of oxide of zinc, ZnO. 

Em, 1. — Hold a leaf of white Dutch metal (which is leaf zinc) in 
the flame of a spirit lamp ; it will burn with a vivid flame. 

Ex, m . — Melt'three or four pounds of zinc ; pour it into a crucible 
which has a small hole in the bottom, stopped with a plug of woo^ 
When the surface of the melted metal begins to congeal, puU out the 
plug by a string or wire, so that the still fluid metal may escape into 
a vessel placed beneath to receive it. Upon afterwards breaking $he 



MITALi. 


167 


flruat in th« crucible, the inner surface will be found beniiiifiilly crys* 
lalliaed, the crystali beui|^ of a prismatic form and quite brillinst. 
(To presenre the brilliancy, they should be immediately Tarnished.) 

EXERCISES ON CHAPTER XXIH. 

1. Give the symbol, equivalent, and leading properties of man* 

gauese. 

2. For what is the black oxide of manganese used ? 

3. Give the symbol, Ac. of iron. 

4. Describe the process of smelting iron ores. 

0. What is meant by the hot blast ? 

6 Describe the process for rendering cast-iron malleable. 

7. What it meant by fagoting 7 

8. How is steel made } 

9. What is annealing ? 

10. What is meant by tempering steel 

11. How is the proper heal for tempering steel ascertained? 

12. To what are the colors on heated steel owing } 

13. On what does the toughness of wrought-iron depend } 

14. W'hat is meant by welding ? 

15. What is load-stone } How does iron act with regard to mag- 

netic influences ? 

16. How is iron affected by dry air } 

17. Describe the protoxide of iron. 

18. State the properties of peroxide of iron. 

19. What is the black oxide of iron } 

20. What is chromium ? and whence does it derive its name ? 

21. Where is chromium chiefly found ? 

22. What is protoxide of chromium ? 

23. How is the sesqui-oxide of chromium prepared, and for what is 

it used ^ 

24. Deacribe the preparation and properties of chromic acid. 

25. When and where waa nickel discovered? Whence does it 

derive its name ? 

26. State the chief properties and uses of nickel. 

27. State the symbol and characteristics of cobalt. 

28. What are the properties of oxide of cobalt ? 

29. Give the symbol, equivalent, and leading properties of zinc. 

30. Which are the principal ores of zinc ? 

31. How is xinc obtained ? 

32. For what is zinc used ? 

33. How is oxide of zinc prepared ? 

34. How it the hydrated oxide of zinc obtained * 

36. For what is oxide of zinc used ? 



168 


CHEMISTBY. 


CHAPTER XXIV 

METALS WHOSE OXIDES FORM POWERFUL BASES-- 
continued. 

Group B — Precipitahle from their solutions by sulphuretted 
hydrogen. 

COPPER, LEAD, BISMUTH, CADMIUM. 

Copper. Symbol Cu ; Combining weight 03.5. 

Lead. „ Pb ; „ „ 207. 

Bismuth. „ Bi; „ „ 210. 

Cadmium. „ Cd ; „ „ 112. 

1. Copper appears to have been one of the earliest 

metals employed by mankind, having been used for do- 

mestic utensils and weapons of war before the discovery 
of malleable iron. 

The ancients obtained very considerable quantities from 
the island of Cyprus (Kwir^o;, cupros), and this is supposed 
to be the origin of the name copper {cuprum). 

2. Copper is found native or in the metallic state, and 
also in various forms of combination. 

Native copper is found in abundance on the southeni 
shores of Lake Superior. 

The most important of its ores are : — the yellow copper 
ore or copper pyrites., which is a double sulphuretof copper 
and iron, CuS + FeS ; — the red oxide or suboxide of copper, 
frequently termed ruby copper ^ CU 2 O ; — and sub- carbonate 
of copper, or malachite, CuCOa^CuHaOa. 

3. Large quantities of the last two mentioned ores have 
been of late obtained from South Australia. The mines 
of Devonshire and Cornwall yield chiefly the yellow copper 
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orv, which is shipped to Swansea, in South Wales, to 
■melted there, on account of the greater abundance of f 

By this arrangement the vessels not only carry the smaller quan 
of material to the greater, but load back with coal for the use of 
mines.*’ 


4, The smelting process is as follows. — The ore is f 
calcined t or roasted, in a re- 
verberatory furnace, whereby 
the sulphur, &c. is burnt 
out, going off in the form of 
sulphurous and sulphuric 
acids, while the copper and 
iron are both oxidized. The 
ore thus calcined is strongly 
heated with charcoal and 
sand. Metallic copper, Cu, 
and carbonic oxide, CO, are 



Fig. 68. 


formed from the oxide of copper, CiiO, and f lie charcc 
C ; while tlie sand, SiO^ unites with the oxide of iron, F 
forming a silicate of iron, Fe^SiO^, which floats 
slag on the surface of the molten metal. 


The roasting and melting processes nmst be alternately repe 
several times before pure copper can be o)>tained. 

The formation of the slag with tl»e oxide of iron, depends on 
fact, that oxide of iron is not so easily reduced to the metallic stat 
oxide of copper. 

5. Copper is a tough, sonorous metal, of a red co 
and nearly nine times as heavy as water. It is mallea 
both when hot and when cold, and may be reduced to t 
leaves ; it is also very ductile, and may be drawn into 
It is, moreover, the most tenacious metal nexv 
iron ; a wire of an inch in diameter, being able 
support 3021b8 without breaking. 

Copper is softened by heating and quenching in wat 
the reverse of the effect produced on steel by such tre 
ment. 


6. In dry air copper oxidizes but slowly, gradoallj 
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□airing n brown tarnish^ which cousista of a mettlj super* 
ncial film of sub-oxide of copper, CU 2 O. 

In moist air copper oxidizes much more rapidly, soon 
becoming covered with a green crust which is a carbonate 
of copper. 

7. Protoxide or Black oxide of Copper, CuO = 79.5 : 

This substance, which is the base of the ordinary salts of 

copper, is prepared by beating copper to redness, with free 
access of air, or by decomposing the nitrate of copper by 
a red heat. It is a dense, black powder, insoluble in water 
and the fixed alkalies, but soluble in ammonia and acids. 

Heated with charcoal, or in contact with organic matter, 
it is reduced either to metallic copper or to the sub-oxide. 

8. Suboxide or Bed oxide of Copper, CugO == 143 
This compound is frequently found in Cornwall in tlie form 
of beautiful transparent crystals of a iine'red color. It forms 
colorless compounds with acids. The sub-oxide of copper 
communicates a red tint to glass, while that given by the 
protoxide is either green or blue. 

9. Sheet, or rolled copper, is used for sheathing ships, 
roofing buildings, making boilers, kettles, and other uten- 
sils, for which iron, on account of its more rapid oxidation, 
would be less suitable. 

Vegetable acids dissolve copper when cold, but not when hot ; hence 
copper vessels, if kept clean^ are not dangerous for cooking, provided 
whit is boiled in such vessels be not allowed to cool in them, but be 
instantly poured out. 

Sauces containing vinegar, preserved fruits, jellies, &c., should not 
be suffered to remain in copper vessels, as all the compounds of 
copper arc poisonous. 

In case of poisoning by copper, the best antidotes are, first, an 
emetic, and afterwards, milk, wheat-flour, white of eggs, iron filings in 
gum water, sugar or any syrup. Vinegar must be specially avoided. 

JSr. Hold a bright copper coin, by a pair of pincers, in the flame 
of a lamp : notice the changes of color, owing to the various degrees of 
oxidation. If kept in the point of the flame for some time, it l^comea 
oomod with black oxide, on suddenly quenching it in water, this oxide 
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Mb off in black scales, shewing the ^eddish brown color ol the sub* 
oilda beneath. 

Jb. h , — Immerse a piece of clean iron or steel, as the blade of a 
knife, in a solution of sulphate of copper (blue vitriol), the surface will 
be speedily covered with a thin film of metnlUc copper. By this 
means the presence of copper in preserves, pickles, ink, tea, &c., may 
be readily detected 

Es. c. — Repeat Ex. g., chap, xiv. 

Ex, d . — Add a solution of caustic potass to a solution of sulphate 
(or nitrate) of copper, a blue precipitate of the hydrated oxide of 
copper, CuH^O), will be thrown down ; this, when heated, parts with 
the water, and is converted into the black protoxide, CiiO. 

Ist. CuS04-f2KH0 = K.SO^-hCuH.O,. 

2nd. CuH,0, = n,0-hCuO. 

10. Copper unites with several other metals to form 
alloys, the most important of which are the following : — 

Brass, which consists of different proportions of copper 
and zinc. 

Butch Metal, which is a kind of brass beaten into 
thin leaves, and used instead of leaf>gold in imitation gild- 
ing and bronzing. 

Bronze, Bell Metal, and Gun Metal, which are com* 
pounds of copper and tin in different proportions, with 
sometimes a little zinc. 

Mosaic gold, which is a kind of brass, consisting of B 
parts copper and 1 zinc, with a little tin. 

German silver, which is composed of 2 parts copper, 
1 nickel, and I zinc. 

11. Lead is a soft, flexible, bluish-grey metal, easily 
scratched by the nail, and leaving a black streak upon 
paper. Its specific gravity is more than eleven times that 
of water (11.4). It is malleable and ductile, but not very 
tenacious, since a wire -^th of an inch in diameter breaks 
with a weight of less than SOlbs. 

12. At common temperatures and in dry air, lead tar* 
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nifihes slowly, but in moist air it soon becomes coated with 
a film of grey matter thought by some to be a suboxide^ 
Pb,0. 

13. Lead fuses at about 612®, and if slowly cooled may 
be obtained in octohedral* crystals. It is not volatile, 
for in close vessels, it can be heated to whiteness, without 
subliming. 

If the metal be melted in contact with the air, it absorbs 
oxygen rapidly, and the surface becomes covered with 
dross, a mixture of metallic lead and the protoxide, PbO. 

14. Lead occurs in nature under various mineral forms : 
of these, the most valuable and the most abundantly dif- 
fused is sulpliuret of lead, or galena, PbS, which is found 
mostly in the older secondary rocks, and is the chief, if 
not tlie only source, of the lead of commerce. Galena often 
contains silver, and sometimes in such quantity as to render 
it worth separating. 

15. Metallic lead is obtained from galena, by exposing 
the crushed ore to a dull red heat in a reverberatory fur- 
nace, whereby the sulpliuret, PbS, is oxidized by the heated 
air and converted partly into sulphate of lead, (PbS 04 ), and 
partly into oxide, (PbO), sulphurous acid gas, SO 2 , being 
given oflp. The temperature is then raised, whereupon the 
recently formed sulphate and oxide react upon the remaining 
Bulphuret, producing sulphurous acid gas, SO^, and me- 
tallic lead, Pb. 

This decomposition may be shewn ns follows : — 

Ist stage, 3PbS + 100 = PbSO^ +2PbO-h2SO,. 

/ PbSO^ -f PbS = 2Pb 4-280,. 

-fina » |2Pb04-PbS = 3Pb4-S0,. 

16. The scoria (or slag) which float on the surface of the 
melted metal, consist of the earthy matter of the ore 
mixed with a considerable quantity of lead. They are 

♦ Oeiohtdral — eight-eurfaced. A solid enclosed by eight trit»* 
gular aurfaces is termed an octohednm, plural, octoAedra, 
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therefore, removed to another furnace and re-melted, 
whereby a further portion of less pure metal is obtained. 

17. Protoxide of Lead, PbO=:223; — This substance 
is obtained by exposing melted lead to a current of air, or 
by beating carbonate of lead (white lead) to redness, 
whereby the carbonic acid is driven oflF. 

If carefully prepared, and not allowed to fuse, it is of 
a pale yellow color, and is known under the name of Man- 
isieot, 

18. When moderate! tj protoxide of lead becomes 

of a deep red color, but recovers its original yellow tint 
on cooling. 

At a strong red heat it fuses, and cools in the form of 
deep brick- red crystalline scales, which are known by the 
name of Litharge » This substance when boiled with oil 
gives it a drying quality, and is therefore much used by 
painters. 

19. Leutoxide of Lead, or Eed Lead, Pbj 04 , or 2PbO -j- 
PbO, : — This substance is made by heating the oxide of 
lead (massicot) in a current of air, so as to oxidize with- 
out fusing it. It is a brilliantly colored and extremely 
heavy powder, much used as a cheap red paint. 

20. Peroxide of Lead, PbOo = 239 : — This compound 
may be formed by the action of nitric acid on red lead. 
The red lead is decomposed into protoxide and peroxide ; 
the former unites with the acid, while the latter remains as 
an insoluble puce-colored powder. 

Pb,0, -i-4llN03 =- 2(Pb2N03) 4-2H,0 + Pb0,. 

21. Lead placed in distilled water, free from air, re- 
mains unchanged ; but if air be present, the lead is 
gradually oxidized, and the protoxide so formed, being dis- 
solved by the water, renders the latter poisonous. By the 
action of the carbonic acid absorbed from the atmosphere 
by the water, the oxide of lead, so dissolved in it, is gru* 
dually converted into the carbonate, and precipitated. 
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The purer the water, the more certain the poitonooa action, hence 
rain-water, or very aoft waters, intended for drinking or for cooking 
f>urpoies, should not flow through leaden pipes, or be kept in leaden 
cisterns. 

22. A amall proportion of sulphuric acid or of some 
soluble sulphate or chloride in the water, entirely prevents 
the corrosion of the lead. Hence spring water, well water, 
or river water, which generally contains such bodies, may 
be safely kept in leaden cisterns, because the sulphuric 
acid or the chlorine forms an insoluble compound which 
quickly encrusts the surfaces of the cistern and prevents 
any further action on the metal. 

No water should be used for cooking purposes out of new leaden 
cisterns, but time must be given, and the water left unchanged in 
order that the encrustation may be formed. This may be hastened, 
if necessary, by pouring a few drops of sulphuric acid into the water. 

Leaden cisterns should have wooden^ not leaden covers, for the 
vapor condensed on the inside of the leaden cover, being pure water, 
would become contaminated with lead, as stated a^ve. 

Ex. e . — Place some shavings of lead on ignited charcoal, and throw 
a stream of oxygen gas upon them from a bag, or bladder, the meUl 
will burn with a beautiful blue flame. 


Ex. /. — Rub some peroxide of lead in a mortar with one-fifth its 
weight of sulphur. If the mortar be hot, the two bodies will combine 
with great rapidity and burst into flame. 

Ex, g . — Dissolve half-an-ounce of sugar of lead (acetate of leadl 
in water in a large, clear glass bottle ; add a few drops of nitric acid 
or vinegar, to remove any cloudiness, and hang a piece of zinc in the 
solution by a string fastened to the cork of the bottle. The zinc will 
soon appear covered with particles of pure lead. This arises from the 
greater affinity of acetic acid for zinc than for lead. The zinc gradually 
displaces the lead from the acetate of lead, and the solution becomes 
acetate of zinc. 


If a piece of brass wire 
be twisted round the zinc 
as in the diagram, a still 
more beautiful effect is 
produced, the lead branch- 
ing out in leaf-like scales, 
whence the experiment 
has been named the lead- 
tree. The use of the brus 
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win introdacet t new and additional caute of dooompotiiioa, nam^f 
gtlTanic or electrical action. 

23. Bismuth ia a metal generally found native, but 
•ometimes in union with arsenic, sulphur, or oxygen. It 
is somewhat abundant in Saxony, Bohemia, and Transyl- 
vania ; it is also met with in Cornwall and Cumberland. 
The metal is obtained from the rock which contains it, by 
simple heating in inclined tubes, for at a moderate tempera- 
ture the bismuth fuses and runs down into vessels place 
to receive it. 


24. Bismuth has a reddish-white color, and is so brittle 
that it may be readily reduced to powder ; it fuses at 
497®, at a higher temperature it volatilizes and may be 
distilled in close vessels. If a considerable quantity of 
the metal be melted, and allowed to cool gradually, it 
crystallizes in beautiful and well-defined cubes. 


Ex. h . — Perform Ex. flf, Chap, xiv., 
using two or three pounds of hismiith 
instead of sulphur, the result will be 
the formation of crystals arranged as 
in the diagram, and presenting a fine 
example of metallic crystallization 

The chief use of bismuth is 
for the purpose of making fusi- 
ble alloys, stereotype plates, 
queen’s metal, &c., and as an 
ingredient in solders. 
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See Experiments d, and c. Chap, xviii. 


25. Oxide of Bismuth. Bi.o, = 468 Bismuth oxi- 
dizes but slowly in the air at common temperatures, but 
when heated to whiteness it burns with a bluish flame, and 
is converted into a yellow fusible powder, which is the 
protoxide of the metal. 

Oxide of bismuth may likew ise be obtained by dissolving bismuth in 
nitne acid, so as to form nitrate of bismuth, Bi3NOj-f 511,0 | on di- 
lating the solution with water, decomposition takes place, and a aul^- 
nitrate of bismuth, 2 BiN 04 + H, 0 , is precipitated as a yellowish- 
white powder ; if this \te heated to dull redness, the nitric add it 
•spelied, and oxide of bismuth remains. 
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Em, i . — ^When heated on charcoal before the blow, pipe, bismuth soon 
fuses and burns, coating the charcoal with a yellow oxide. If the 
globule of melted metal, be allowed to fall on the floor or into a 
pasteboard box, it will immediately divide into numerous smaller glo* 
holes, radiating in all directions, and each leaving a distinct yellow 
mark behind it. 

26. Cadmitim is a white, malleable, and rather hard 
metal, discovered by Stromeyer in 1817, and found in 
small quantities associated with ores of zinc. It fuses at 
442°, and is volatile at a low red heat. It tarnishes but 
little in the air, but burns when heated to whiteness, form- 
ing Oxide of Cadmium, CdO=128. 

27- Neither the metal itself, nor its compounds are 
employed either in medicine or in the arts, except perhaps, 
the sulphuret, CdS, which has been introduced as a pig- 
ment under the name of cadmium yellow. Cadmium, like 
bismuth, is more readily dissolved by nitric, than by any 
other acid. 


EXERCISES ON CHAPTER XXIV. 

1. Whence is the name copper derived? Give the symbol and 

combining equivalent uf copper. 

2. How is copper found in nature ? 

3. "Whither is tlie copper ore of Cornwall and Devonshire carried, 

and why ? 

A. How is metallic copper obtained from copper pyrites ? 

5. State the leading properties of copper, 

6. How is copper affected by the air ? 

7. Describe protoxide of copper. 

8. Give an account of the suhoxide of copper. 

9. For what purposes is copper employed ? 

10. Give the names and composition of the most important iUoyi 

of copper. 

11. Give the symbol, and physical characteristics of lead, 

12. How is lead affected by the atmosphere? 

13. How is lead aflfected by increase of temperature ? 

14. What is the chief source of metallic lead ? 

16. How is lead obtained from the ore? 

16. What is meant by droM, slag, or scoria f 

1 7. What is massicot, and how is it prepared ? 

18. What is litharge, and for what is it used ? 

19. What is red lead ? 

SO. How may peroxide of lead be obtained ? 
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11. How It tetd teted on by pure water ? 
ft When may leaden dttemt be used with safety ? 

S3. Whence U bismuth obtained ^ and by what process } 

24. Name some of the leading properties and uses of bismuth. 

26. What is oxide of bismuth, and how may it be prepared ? 
2G. What are the leading properties of cadmium ? 

27. To what uses has cadmium been applied ? 


CHAPTER XXV. 

.METALS WllOSL OXIDES FORM WEAK BASES, OR ACIDS. 

TIN, AUSENIC, ANTIMONY, &C. 

Tin Symbol Sn ; Combining weight 118. 

Arsenic „ Aa ; ,, „ 75. 

Antimony „ Sb ; ,, „ 122. 

1 . Tin (Latin, Stannum) is a comparatively soft and brittle 
metal, of a silvery-white color, emitting a peculiar odor 
when rubbed, and producing a characteristic grating or 
crackling noise when bent ; this is probably due to the 
disturbance of its crystalline structure, and the destruction 
of cohesion among its particles. 

Tin is somewhat more ductile and tenacious than lead, 
and so malleable, that it may be reduced into leaves (tin- 
foil) ^ thickness. 

2. At ordinary temperatures tin is but slightly oxidized, 
even by the combined action of air and water ; but when 
heated beyond the fusing point (442®) it oxidizes rapidly, 
being gradually covered with a grey powder, which is the 
protoxide, SnO. If heated to whiteness in the air, the 
metal takes fire, and passes into the state of peroxide, 
SnOj ; if similarly heated in close vessels, it sublimes. 

Ex, «. — Let a globule of tin, melted to a white heat, be suffered tc 
fdl upon a sheet of paper; it will break into smaller globules, and 
burst into a bright wMte flame. 

E 
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3. Tin, though one of the metals that were earliest 
known, occurs in but few countries, principally in the 
mountains of Saxony and Bohemia, the peninsula of 
Malacca, the island of Banca, and more especially in Corn- 
waU. It was obtained from the latter source by the Phee- 
nicians at a very early period, and the south-west parts of 
Britain were termed by the ancients the Cassiterides^ or 
tin-islands. 

4. The principal ore of tin is the peroxide, SnOj ; this 
is often found associated with copper and zinc ores, in 
granite or slate rocks, and is known by the name tinstone : 
sometimes it is found in the form of grains, or rounded 
masses, in alluvial soil, or in the beds of small rivers, in 
which case it is called stream-tin, Tlie former, when re- 
duced to the metallic state, yields block- or bar- tin; the latter 
yields (jrain-tin^ which is the purer of the two. 

5. The ores are reduced to the metallic state by two 
different methods. In the first and most common process, 
the roasted ore, mixed with charcoal or culm {coal-dust) 
and a little lime, is carefully heated to redness in a rever- 
beratory furnace so as to fuse the tin, which is let off from 
time to time into an iron vessel, whence it is ladled into 
moulds so as to form large blocks. 

In the second method, which is only used for the finest 
ores or stream- tin, the ore is fused with charcoal in small 
blast furnaces, and run off as before. 

6. The tin thus obtained has to be refined ; this is 
effected by remelting it in an iron vessel, and continually 
agitating the mass, either by raising some of it in a ladle, 
and letting it fall from a considerable height, or by 
plunging billets of green wood into it. Tlie surface is 
skimmed from time to time to remove the impurities whicli 
collect upon it ; the metal is then left at rest awhile, in 
order that any heavier impurities may settle, after which 
the upper portion of the tin is ladled into granite, or 
cast-iron moulds, while the lower portion is remelted with 
another charge of ore. 
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tb that prepared it termed dloti-fin, and till recently wit 
' to be marked or with tlie stamp of the Duchy of 

I ; for a duty it paid to the officers of the Prince of Wales, 
k Duke U Cornwall, on all tin raised in that county. 

7. Peroxide of Tin, SnOj= 150. — This ia readily pro- 
iired by placing metallic tin in slightly diluted nitric acid, 
nolent action takes place, the acid is decomposed, yielding 
i portion of its oxygen to the tin, and passing off ns 
jnitric oxide, which produces the usual red fumes iu con- 
ict with the air. 


3Sn + d=nNO,= 3SnO, 4 2H,04-4N0. 


In general (as shewn in Chap. Fill. § 14) a metal when 
^oxidized by the decomposition of nitric acid, unites with 
another portion of the acid to form a nitrate ; not so with 
tin, for each atom of this metal takes two atoms of oxy- 
gen from the acid, and forms a white powder, which is a 
hydrated peroxide, insoluble in acids. If, however, an 
alkali be added to a solution of perchloride of tin, a white, 
hydrated peroxide is precipitated, which is freely soluble 
in acids. Both hydrates, when moistened, act as acids in 
reddening litmus paper. 

The former of these compounds is called Metastannic 
Acid, the latter, Stannic Acid, H.SnOj. 

Btamute of Sodioixi, NaaSnOa, is much used by dyers and calico 
printers as a mordant, under the name of tin prepare-liquor. 

8. When exposed to a red lieat, the hydrated peroxide of 
prepared by cither method becomes anhydrous, and is 
of a straw colour : in this state it is employed by jewellers 
for polishing, under the name of putty-powder. When 
melted with glass it renders it white and opaque, as in the 
enunel used for the faces of clocks and watches. 


Ex. i.~Keep metallic tin in a state of fusion, and take off the 
airwi or onde as it forms upon the surface. This dross ground up 
L-Li— T l f ■■ "* separate any metallic particles, is the 

psToxioe of tin. Throwing occasionally a little nitre into the cmcibU 
m matensUy facihtate the formaUon of peroxide. 
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9. Tia being little affected by air and moisture, is used 
for coating tacks, pins, wire, and sheets of iron and copper 
for cooking utensils. 

Saucepans, &c., are made of tinned plate, that is, iron 
coated with tin ; this is effected by dipping well-cleaned 
sheet-iron into melted tin. 

Ex. c . — Fill a tinned copper yessel with alternate layers of brass 
pins, and plates of tin. Cover the whole with a saturated solution 
of cream of tartar in hot water, and let it boil for five or six 
hours ; when cold, the pins will be found completely coated with 
tia. 

Ex. d . — Clean a slip of copper from all impurities, rub it over with 
a solution of chloride of ammonium (sal ammoniac) • Then heat the 
slip, and immediately rub it over with tallow — now heat it again, and 
once more rub it over with a piece of tin. This metal will immediately 
combine with the surface, giving it a silvery coat. The object of the 
tallow is to prevent oxidation, so that the surface of each metal may 
continue bright and clean, and not he affected by contact with the 
air, which would rapidly be the case, at the temperature to which it 
is raised without this precaution. 

Ex. e.— Add a few drops of diluted protochloride of tin to a solution 
of the perchloride of gold — a purple powder will be thrown down. 
This powder is used in enamel painting, and for tinging glass of a 
fine red color ; it is a compound of peroxide of tin and oxide of gold, 
and is termed purple of Caseiut. 

10. Copper and tin form the well-known and highly 
useful alloys, bell-metal and bronze. 

An amalgam of tin and mercury is used for the backs of 
looking-glasBes. 

Common pewter is a mixture of tia and lead. Britannia 
metal, and the best pewter, are tin hardened by a little anti- 
mony. 

11. Arsenic is a brilliant, brittle, steel-grey metal, some- 
times found native, but generally in combination with sulphur 
or oxygen, and associated with iron, nickel, cobalt, lead or 
silver ores. From these it is separated by heat in a reverbe- 
ratory furnace. The arsenic combines with oxygen, and is 
carried off in fumes of Arsenious acid, A^O^, which are con* 
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4hMed in saitable chambers or flues. On heating thia 
ineiiious acid with charcoal, it parts with its oxygen to the 
carbon, and the arsenic is reduced to the metallic form. 

12. Arsenic, when raised to about 360®, goes off in 
Taper without fusing j this vapor has the odor of garlic, 
and if air be excluded, it readily condenses again in small 
metallic crystals. It can be fused by heating it in a 
closed tube under the pressure of its own vapor When 
heated in the air it easily takes fire, burning with a blue 
flame, and producing poisonous fumes of white oxide. 

18. Arseuiotis Anhydride, AsA = 1^8.— This sub- 
stance, which 18 the common white arsenic of commerce, 
is a well-known and most deadly poison. It may be ob- 
tained either by the actual combustion of the metal, or by 
sublimation from the various metallic ores which contain 
it, as already stated. 

14. Arsenious anhydride, or white arsenic, is a heavy 
white powder, of a sweetish taste, somewhat soluble in water; 
the solution is true Arsenious Acid, HaAsOy. Though sweet 
k is termed an acid, from its property of neutralizing alka- 
lies and combining with bases, forming compounds termed 
arsefiites. Notwithstanding its highly dangerous properties, 
arsenious acid is much used in dyeing and glass-making, and 
for agricultural purposes. It prevents the decay of orga- 
nized substances, hence it is used to preserve timber from 
dry-rot, and to prepare the skins of animals and birds 
before they are stuffed. 

15. The best antidote to arsenious acid is iron-rust 
(hydrated sesquioxide of iron, FesOg-fSHO), which forms 
with it a perfectly insoluble compound, that has no poison- 
ous influence. In ca-ses of poisoning by arsenic, — milk, 
white of eggs, sugar, or soap suds, should be swallowed 
immediately, and medical assistance procured as speedily 
as possible. 

^ 16 . Amnic Anhydride, As^Og = 230 . — This substance 
is found in nature associated with various metallic oxides. 
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It may be formed artificially by oxidizing arsenious acid 
by means of a heated mixture of nitric and hydrochloric 
acids, and evaporating the solution to dryness. A white 
anhydrous powder is obtained, slowly soluble in water^ 
giving a highly acid solution of Arsenic Acid, H4ASO4. 

17. Arsenic very much resembles phosphorus in the 
characters of its compounds. Both elements unite with 
oxygen, forming similar acids ; these again unite with 
other bodies, producing compounds perfectly resembling 
each other in external appearance and crystalline form.^ 

18. Arsenic also unites with three equivalents of hy- 
drogen to form Arseninretted Hydrogen, AsHs, a highly 
poisonous gas analogous to phosphuretted hydrogen, rH), 
already described. 

19 . There are two compounds of sulphur and arsenic 
found in nature, and capable of being prepared artificially, 
viz. — 

(1.) Bisulphnret of Arsenic, Realgar, As.S, which is 
obtained by fusing arsenic or arsenious acid with a small 
proportion of sulphur. It is used in dyeing, and for pro- 
ducing white fire in fireworks. 

(2.) Tersulphuret of Arsenic, Orpiment, As .S3, made by 
fusing arsenious acid with excess of sulphur, and some- 
times used as a beautiful yellow pigment, termed King'9 
yellow. 

Ex. f. — Place a very small quantity of white arsenic at the bottcm 
of a dry test tube, and heat it slowly over a lamp. Vapors of arse* 
nious acid will arise and condense in brilliant octahedral crystals, the 
regular triangular faces of which may be observed with a magnifying 
glass. 

JSr. g . — Take a glass tube having a bulb at the end, or draw out a 
test tube in the flame of a lamp so that the lower part may serve as a 
bulb. Place in the bulb a few particles of white arsenic mixed witb 
some cyanide of potassium, or with a little charcoal and dried carbonate 
of sodium; on heating the mixture, the arsenious acid will part with its 

** Bodies thus closely resembling each other are termed itorMrph/^ 
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oxygen to the cyanide, or the charcoal, and metallic araenic will con- 
dense in a brilliant ring on the narrow part of the tube above the bulb, 

Ex. h. — The adjoining diagram represents Dr. Marsh’s apparatus 
for testing the presence of arsenic. A few pieces of 
pmre zinc are placed in the bulb below the stop-cock, 
and the solution supposed to contain arsenic (pre- 
viously mixed with pure sulphuric acid) is poured in at 
tlie mouth of the apparatus. Hydrogen gas is formed 
(Chap. V. § 11), which combines with the arsenic, 
forming arseniuretted hydrogen, AsHg. 

A 83 O 3 + I 2 H = 3H.30+2A»H3. 

The gas accumulating in the shorter limb, forces 

the liquid past the zinc into the longer tube, and the ^ 

action ceases. When the stopcock is opened, the gas — ^ -- 
is forced out by the pressure, and if ignited burns with pj 
a white flame, producing fumes of arsenious acid ; but 
if a cold body, such as a piece of glass, earthenware, or porcelain, be 
held over the jet of burning gas, thin films of metallic arsenic will be 
deposited in the form of brilliant rings. 

ExJ. — Dissolve some arsenious acid, by boiling it with i. few drops o( 
hydrochloric acid, and pass through 
the solution a little sulphuretted 
hydrogen. The sulphur of the gas 
combines with the metal of lh(‘ 
arsenious acid, forming a bright 
yellow precipitate of orpimeni 
{King's yellow), AS 2 S 3 , while the 
hydrogen combines with the libe- 
rated oxygen to form water. 

2(HjAs03) + 3II:S = 

AS 9 S 3 -t- CH.O. 

The yellow precijiitate is soluble 
in ammonia, and may be repiecipitated by acids. 

Ex. k. — Drop a solution of nitrate of silver into a solution of arse- 
nions acid 111 distilled water. No precipitate is throwm down, nitric 
acid having a stronger aflinity for oxide of silver than arsenious acid 
has. If a little potass or ammonia be now added, it combines with the 
nitric acid, and forms nitrate of potassium, or ammonium, which re- 
mains in solution; while the arsenious acid combining with the oxide 
of silver, forms a yellow-coloured precipitate — the arsenite of silvcfi 
AgjAsO,, thus : — 

b.^gNOj+UHjAsOa+SKiO r=: 6 KNO 3 -H 2AgjA80, HgO. 
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Em. I, — ^Uie sulphate of copper instead of nitrate ot silver in the 
preceding experiment, and the result will be a green precipitate of 
arsenite of copper, {Scheele't green,) CuHAsOs, thus : — 

CuS04+ H 8 A 8 O 3 + 2 NU 3 = CuHAs03+ (NH 4 ) 2 S 04 

Em. m . — Mix together six parts of saltpetre, two of sulphur, and one 
of realgar or orpiment. Touch the mixture with a red-hot wire, it 
will burn with a vivid white light {^Bengal light). 

JEr. n . — Tlirow a few grains of powdered metallic arsenic into a 
red-hot crucible, it will burst into a bright flame. 

All experiments in which vapors of arsenic arise should be performed 
out of doors, or on the hob by the side of the fire, so that the draught 
of air up the chimney may carry them away. 

20. Antimony is a brilliant metal, of a bluish-white color, 
extremely brittle, and possessing a crystalline structure. 
It is nearly seven times heavier than water (6.7). 

21. Antimony fuses at 800°, and may be slowly volati- 
lized at a white heat, out of contact with the air. 

It remains unacted upon by the air at ordinary tempe- 
ratures, but is rapidly oxidized when exposed to it in a 
state of fusion. 

Ex. 0 . — Perform Ex. e. Chap, xxiii. with antimony instead of zinc, 
the combustion will be very vivid, and a white smoke of oxide of 
antimony, Sb^Oa, will be given off. 

Ex. p . — Reduce some antimony to powder, 
and heat it to about 80 ’’, then pour it into a 
jar of chlorine. The metal will ignite spon- 
taneously, burning with a white flame, and giving 
rise to chloride of antimony, SbClj. 

22. Native antimony is found in 
France, Germany, and Sweden, but the 
metal is chiefly obtained from the sul- 
phuret, SbjSjjWhicli occurs in the moun- 
73. Qf Auvergne, in the Hartz moun- 

tains, at Schemnitz in Hungary, and in the south-west of 
Cornwall. 

23. Metallic antimony may he obtained from the sub 
phuret, by simple fusion with iron, in earthen cruciWea. 
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The iron, having a greater affinity for sulphur than anti- 
mony has, unites with it, forming sulphuret of iron, which 
floats as a slag, while the heavier antimony settles to the 
bottom of the crucible. 

24. Oxide of Antimony, Sb,0, = 292, has been already 
referred to as the product formed by fusing metallic anti- 
mony in a current of air. An impure oxide, formerly 
called glass of antimony, is obtained by roasting the sul- 
phuret in a reverberatory furnace, till all the sulphur is 
expelled. 

25. When oxide of antimony is boiled with a solution of 
tartrate of potass (cream of tartar), a compound of tar- 
taric acid,* potass, and antimony is formed, which readily 
crystallizes on evaporation. 

This compound is known in medicine as tartar emetic, 
and is a tartrate of potass and antimony, K,Sb 0 ,C 4 H 40 fl. 

26. If oxide of antimony be heated in a crucible, open 
to the air, it combines with more oxygen, forming a greyish- 
white, infusible powder, insoluble in water or acids, but 
capable of uniting with alkalies and forming solutions, 
from which acids precipitate Antimonious Acid, HaSbaO.-,. 
The white powder is Antimonious Anhydride, Sba 04 = 308. 

27. When metallic antimony is added to hot nitric acid, 
the acid is decomposed, as in the case of tin, § 7, and an 
insoluble, pale yellow powder is formed, which is the highest 
oxide of antimony, and is termed Antimonic Anhydride, 
Sb^C,, = 324. 

28. Sulphuret of Antimony, SbjSs = 340.— This com- 
pound, which is often found natWe, is a brittle, crystalline 
substance of a leaden-grey color, and very fusible. When 
artificially prepared, (as it may be, by adding sulphuretted 
hydrogen or sulphuret of ammonium to a solution of tartar- 
emetic or other soluble compound of antimony,) it is pre- 
cipitated of an orange-yellow colour, but darkens on drying, 

♦ The formula for tartaric acid or T, is Ha,C4H406. 
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It is also found Bomewhat abundantly in Bohemia, 
Hungary, Sweden, China, Japan, Mexico, and Chili. 

8. Mercury has a silvery-white color, and a brilliant 
lustre ; it is distinguished from all other metals by being 
liquid at ordinary temperatures. When cooled to — 39° F., 
(or 71 degrees below the freezing point of water,) it solidifies, 
and is then soft, malleable, and ductile. At a still lower 
temperature, however, it becomes brittle. It is about 13^ 
times as heavy as water, (sp. grav. 13.56). 

4. Mercury emits vapors at all temperatures above its 
freezing point ( — 39° F.), but they are scarcely perceptible 
till the heat rises to 68° or 70°. At 660° mercury boils, 
giving off a transparent, colorless vapor, which readily 
condenses on cooling. 

Ejt. a . — Pound some vermilion, HgS, mix with it an equal weight 
of charcoal powder ; place this mixed powder in an earthenware retort, 
and submit it to a red heat. The metal will sublime, and run down 
the neck of the retort into any vessel placed to receive it. 

5. Pure mercury is quite unaltered in the air, at common 
temperatures , but when heated to near its boiling point, and 
exposed to the action of air, it absorbs oxygen, and be- 
comes changed into a dark red, crystalline powder, which 
is tbe red or per-oxide of mercury. 

^‘Nitric acid dissolves mercury, yet not so readily as it does the metals 
tin, lead, and zinc, with which mercury is often contaminated, either 
naturally, accidentally, or for the purpose of adulteration. To re- 
move these, the impure mercury may be placed in a phial along with 
a mall quantity of nitric acid, and shaken up ; this acid will imme- 
diately attack the solid metals. When they are dissolved, the solution 
may be poured off, and the mercury washed in water to remove any 
adherent acid, it will then be quite pure.*’ — Francis. 

6. Mercury forms two compounds with oxygen, viz. a 
Buboxide {ox protoxide) and an oxide {ox peroxide). 

The combining weight of mercury is given differently by different 
chemiiU, tome thinking it 100, others 200, hence the precise nomen- 
clature and combining weights of its compounds are somewhat an* 
•ettled. 
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7. Snbozida of Mercury, or grey (mde, Hg,0==416. — 
This is a dark-grey or nearly black powder, very heavy* 
and insoluble in water, but uniting with acids to form salts. 
It may be obtained by adding potass, soda, or lime-water 
to a eulhealt of mercury, such as the sub-nitrate (or proto* 
nitrate) HgNOj, or the subchloride {calomel), llgCl. 
Thus— 


(K,0 ) (2KNO, ) 

2HgN03-|- < Na,0 2NaN03 } +IIgA 
( CaO j ( Ca2NO, j 


8. Oxide of Merotiry, or red oxide, HgO'=216. This 
substance has been already mentioned as a dark-red, crys- 
talline powder, produced by the action of the air on heated 
mercury. It has a yellow tint when finely pulverized, and 
if the temperature be slightly raised, it turns blacK, becom- 
ing red again on cooling. The red oxide of mercury may 
also be obtained by carefully heating the nitrate, Hg2NOj* 
so as to expel the nitric acid ; or by adding potass, soda, 
or lime-water to a solution of the chloride (corrosive subli- 
mate), HgCl,, In the latter case the precipitate is of a. 
yellow color, being in a state of minute division. If 
strongly heated, the red oxide of mercury is decomposed- 
into oxygen and metallic mercury, which will go over in 
vapor, as shewn in Chap. lY. § 4. 

In thii way the presence of impurities, as red-lead, brick-dust, &c., 
may be detected, for they will remain in the retort or flask. 

9. Sulphuret of Mercury, HgS=282. — This substance 
is found native j it is the most common ore of mercury, and 
known as cinnabar, or vermilion. It may be artificially 
prepared by subliming a mixture of six parts of mercury 
and one of sulphur, and afterwards reducing the mass ob- 
tained to a fine powder. Vermilion is inodorous, tasteless, 
and insoluble. It is unaltered by exposure to the air or 
moisture, but when heated to dull redness, it is resolved 
into vapor of mercury and sulphurous acid gas, SOj. 

Em. 6.— Rub together in a mortar three parts of sulphur and one ot 
mercury. The lustre of the one, and the yellow color of the other, 
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will dUtppeir, the whole being converted into t black powder, which 
wai formerlf called EthiopM mineral ; and ii probably a mixture of 
the lulphnret of mercury with additional sulphur. 

10. Mercury ia extensively used in the manufacture of 
barometers and thermometers, also for “ silvering mir- 
rors. In the latter case an amalyam of tin is employed; 
an amalgam of silver is sometimes used by dentjsts for 
filling up hollow teeth. 

c , — Melt two ounces of bismuth and two ounces of lead in 
separate crucibles, pour them into separate vessels, containing ati 
ounce of mercury in each ; when cold, these alloys will be in a solid 
state ; but if they are rubbed against each other, they will instantly 
become liquid. 

Ex, d.—Dace a little gold-leaf in the palm of the hand, and pour 
iijKin it a globule of mercury. The latter will lie aeen to absorb, or 
combine with the gold, forming a more or less fluid and yellow amal- 
gam, according to the proportion of the two metals. This amalgam 
is used ia water gilding. The afflnity of mercury for gold and silver 
is so strong, that persons who are foolish enough to clean their watch 
cuea with tneremy, or one of its salts, will And them totally spoiled ; 
the same holds good with respect to plated articles cleaned by a coni- 
poiition, sold about the streets, made of the nitrate of mercury, ground 
up with whitening. Even those who arc obliged to take much calo- 
mel, or other medicines containing mercury, should abstain from wear- 
ing any gold articles, or ctriy ing gold money, u the mercury sometimes 
ooxes through the pores of the skin, and attaches itself to the gold, 
rendering it so hritile, that it may often, when thus contaminated, be 
broken in two. 'I'he best way of restoring money thus s}>oiled is to 
heat it red-hot in a crucible, or ladle. 

Bx, c.-— Add five parts of mercury to two parts of melted sine and 
one of Un, an amalgam w ill be formed such as ii used for the enshioni 
or rubbers of elecliical machines. The tin may be omitted. 

11. BUyor, (Lntin, Argentum^ whence the symbol Ag,) 
ia the whitest of the nieuls ; it has a very brilliant lustre, 
and will take n very high polish. It is, when pure, soft 
enough to be cut with a knife, being thus softer than cop- 
per, and harder than gold. It ia about 10^ times as heavy 
aa water; its specific gravity being 10.4 when cast, and 
10*5 to 10.6 when stamped or roiM. 



tlLTSU. 


101 


12. Silver is exceedingly malleable and ductile, for it 

may be extended into leaves less than of an inch 

in thick ness, and a single grain may be drawn into a wire 400 
feet long. Only three metals, viz. iron, copper, and plati* 
num, snrpass it in tenacity, a wire -^th of an inch in 
diameter being able to support 187lbs. without breaking. 

13. Silver does not rust or oxidize hy exposure to the 
air or moisture ; but when the atmosphere contains sulphu- 
reous vapors, or sulphuretted hydrogen, the metal 
speedily tarnislies, owing to its affinity for sulphur, becom- 
ing first yellow and finally black. 

JE». e . — See Et. n Cl>ap. XIV. 

14. Silver fusts at about IS73^ Fahr., nml tluring the 
state of fusion, absorbs considerable quantities of oxygen 
from the air, which it parts with again on cooling. 

When very strongly heated in a blast furnace, silver rises 
in vapor ; and when a strong electric current is made to 
pass through some leaf-silver or a fine silver wire, the metal 
bums with a greenish flame. 

15. Silver, it has been already stated, does not oxidize 
when heated alone, hut if heated with silicious matter, such 
as glass, porcelain, &c., it combines with oxygen, and forms 
an oxide of silver, 2.4g.O, that immediately unites with 
the silicic acid or silica, 8iO,, forming a yellow silicate of 
silver, Ag 4 SiO^. 

16. Oxide of Silver, Ag 0 :.= 232.— This oxide is em- 
ployed in glass, porcelain, or enamel painting, to produce 
a rich yellow tint ; it is also the base of all the coiifmon 
salts ot silver. One of the most characteristic features of 
these compounds, is their property of darkening by expo- 
sure to light, whence their use in all branches of Photo- 
grtphy. 

If caustic potass, KHO, he added to a solution of ot- 
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trate of liher, AgNO^ a hydrated oxide of Bilrer will be 
precipitated. 

AgNO. + KHO -= KN03 4^AgH0. 

17. SiWer ii Bometimes found in the native state, Bome* 
timcB alloyed with other metals, but chiefly in combination 
with Bulphur or chlorine. The principal silver mines are 
to be found at Konigsberg in Norway, among the Hartz 
mountains in Germany, and among the Andes of Mexico 
and Peru. 

18 . Metallic silver may be obtained from the sulphurct 
or chloride by the process of amalgamation. The powdered 
Bulphuret is mixed with common salt (chloride of sodium), 
and roasted at a low red heat in order to convert it into 
the cldoridc. Tlie mixture thus formed, or the native 
chloride, (if that ore be employed,) is then crushed and 
agitated for some time with mercury, water, and scraps of 
iron, by which means the chloride of silver is decomposed ; 
the protocliloride of iron formed is dissolved by the water, 
while tlie mercury combines with the reduced silver, (as 
well as with any gold, cmjper, or lead, that may be present,) 
to form an amalgam. This amalgam is then pressed in 
woollen bags to remove any iincombined mercury, and 
heated in an iron retort, whereby the mercury is distilled 
off, and an impure silver left behind, which afterwards 
undergoes the process of refining. 

19. Almost all lead ores, but especially galma^ a sub 
phuret of lead, contain a proportion of silver ; and it has 
been found profitable to extract this, even when so low as 
eight ounces in tlie ton. 

The argenti/erovi or silver-bearing lead, reduced from 
the ore as shewn in a former chapter, is melted and then 
allowed to cool slowly ; the lead begins to solidify first, 
and while doing so, is removed, from time to time, with a 
perforated iron ladle or strainer. An alloy containing a large 
proportion of silver remains in the liquid state; thiaisallowed 
to cool, and the lead is afterwards separated by eupeUaHom. 
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*i0. The proceM of evpeUntion conaista in eipoaing the 
ellojr of ailver and lead on a cape! in a furnace to a ctMrrent 
f»f heated air» whereby the latter metal is oxidised. The 
cupel is a kind of ahallow, porous^ crucible made of ^boue- 
nail, the object of which is not only to support the metal, 
but to absorb the oxide of lend as fast as it is formed. 

.1. Pure silver is too soft to be used with advantagfi it 
is therefore generally alloyed with copper. The standard 
silver used for the English coinage consists of thirty-seven 
parts pure silver, and three parts copper. 

Eg ./. — a tilrer coin in rutric arid, the solution )%ili !>« of 
a greenish color, owing to the presiMiee of nitrate of copi>er; place a 
piece of pire copper m tho solutum the acid will leave ihe atlver and 
dissolve the copper, the former metal being precipitated as a crystal- 
line (vowder, which, when well washed ana dried, may be fused into 
a button of pure silver. 

A>. g. — Instead of immersing a piece of copper in the above solu- 
tion of nitrate of silver, add a little salt and water so long as a precipi- 
tate is formed. This precipitate u chloride of silver, AgC, which, if 
washed, dried, and ineiied with carlioiiate of sodium, will yield chlo- 
ride of sodium and pore silver. 

2AgCl + NajCX), 2NaCl ^ CO 5 + O + 2 \g. 

22. Ck)ld (Aurum) is one of the most widely diffused 
of the metals, being found in nlmost every couutry, hut 
most abundantly in South America, California, Australia, 
the East Indies, Western Africa, Hungary, and the Uralian 
mountains. 

23. Gold is found exclusively in the metallic state, sel- 
dom indeed pure, but alloyed either with silver, copper, or 
some other metal. It is occasionally met with in masses 
or nuggets of several ounces or even pounds in weight ; but 
it occurs more generally in the form of grains, disseminated 
through quartz and other rocks, or m the sands of various 
rivers. 

24. These gold-sands (the yolJ-dust of commerce) are 
derived from the </istji/cyraf ion or breaking up of the rocks 
ill wUdi the metal was contained. The gold, owing to its 
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high tpecihc gm^ity (19.2), is readily separated from the 
•andy or earthy matter by washing in water ; or it may 
he obtained by the process of amalgamation, as in the case 
of filfer. 

25. Gold is the most malleabie and ductile of the metals, 
and likewise very tenacious. 

It may he extended into leaves less than 
inch in thickness ; — a single grain may be drawn into a 
wire 500 feet in length ; — and a wire -^th of an inch in 
diameter can support, a weight of 1 58 lbs. (See Chapter 
XIX., § 10). 

2G. Gold does not tarnish or oxidixe when exposed either 
to heat, air, or moisture. It is unacted on by any single 
acid, but is dissolved by chlorine, especially in the nascent 
state, for which purpose a mixture of nitric and hydro- 
chloric acids is used, termed nitro- muriatic, or nitro- 
hydrochloric acid, or aqua regia. The resulting compound 
is Perchloride of Gold, AuCl,. 

Es. h . — Plare soine gold-leaf in a glasi of water, and pass a current 
of chlorine through tiic liquid, the metal will lie rapidly dissolved, 
forming perchloride of gold. The tame com|)ound maj be produced 
by dissolving leaf.gold in nitro-muriatic acid. 

27. Pure gold, being very soft, as well as very costly, is 
never employed in the arts. It is generally alloyed with 
silver or copper, to give it greater liardneRs. The metal 
used for Kiighah gold coin consists of eleven parts gold, 
and one part alloy. 

28. Platinuin derives its name from the Spanish plata, 
silver, on account of its silvery lustre. It is about half at 
valuable as gold, and is always found in the metallic state, 
occurring in the form of flattened grains of a greyish-white 
color, and associated with palladium, osmium, iridium, 
ibodium, and a little iron. 

Platinum it chiefly obtained from alluvial depomli 
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in the Vralmn mounUuns i* it is alto found in St. Domingo, 
Borneo, and Ceylon, and in the gold districts of South 
America. It is separated from the sandy and earthy 
matter with which it is associated, by washing in water, as 
in the case of gold and stream-tin. 

30. Pure platinum is very ductile and malleable, and one 
of the most tenacious of the metals. It is the heaviest 
substance known, being nearly 22 times as heavy as water. 
Ita specific gravity vanes from 19.5 to 21.9. 

31. Platinum is unchanged by exposure to air or mois- 
ture. It remains infusible in the strongest heat of a smith’s 
forge, and can only be melted by the agency of electricity, 
or by the oxydiydrogcn blowpipe. Like iron, it possesses 
the property of wfhUny, when heated to wdiitcuess. (Chap. 
XXIII., § 14. 

32. Platinum is insoluble in any of the simp! ' acids ; 
hut, like gold, it may be dissolved in aqua rerfia, or iiitro- 
hydroclilonc acid, giving rise to Bichloride of Platinuni, 
P1CI4. 

Platinum is speedily oxidiied and corroded by the caustic 
alkalies at a red heal ; it likewise forms alloys with most 
of the otlier metals. 

Ex, t. — Place a particle of lead, tin, 01 antiiTioiiy on a piece of 
platinum foil, and heat it over a ipirit lamp; when at a red heat, the 
metal used, whichever it may be, will combine with the platinum, 
and form a futible alloy. This experiment shows that tlie above 
metal I must never be meltetl in platinum vessels; the same holds 
food with the ores and oxides of these metals, and in a less de- 
gree with bisnauth, copper, cobalt, and nickel. The following 
cautioDt are added by Berzelius : — ** Platinum vessels roust not he sub- 
jected ft any time to the action of chlonne, or the compounds which 
evelvA cblorme. Nitre and the alkaltet must not he fused in them. 
Inunediale contact with the fuel, which ought to be charcoal, (if in 
a furnace,) must be avoided as much as possible.” 

* Tho largest specimen yet discovered wu found in the UraJia4 

lomtaina, mA weighs 21 lbs. troy. 


o 
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33. Platinnm may be obtained in two state® of very miniitc 
division ; in the one state it is termed 8pon(/;/ platinum ; in 
the Ollier, which is still finer, it is called platinum bUufk. 
Each of these substances has the property of condensing 
gases in its pores. The result of this condensation is to 
bring the gaseous bodies in close contact, and cause them 
to combine. In this way oxygen and hydrogen are com- 
]>clled to unite, and fiame is produced, as in Dohet'einer]» 
lamp. 

Eat. k . — Spongy platinum may hr made by auturating blotting pa{»er 
with l)ichloiid<‘ of platinum and dning it, repeating itie process seve- 
ral times, and finally, burning tbe papei in the flame of s spirit lamp; 
the allies Iclt are the ipongy platimim. 

Ka\ I — To a diluted solution of birhioride of 
fdatinum add some solution of cbloride of am- 
monium (%a1-ammomae). a yellow precipitate of 
ammoiiio-cliloride of platinum, J*tCl 2 -i-NH 4 CI, 
IK produced, which is decom|K)scd hy heat, and 
yields a grey mats of spongy platinum ; this 
becomes red hot when cxjuised to u stream of 
hydrogen, and then inflames the gas. (Z>of*eref- 

7vjp. tw.— The peculiar property of this metal 
in continuing red hot, when ex|H)sed to certain 
sapors, is shown not merely by spongy plali> 
nuin, but by platinum in its ordinary metallic 
Blate. This may lie tried as follows ; — Make a 
small coil of JIne platinum wire, and place it 
loosely round the wick of a spirit lamp, filled 
with alcohol ; set fire to the wick, and when it has burnt two or three 
minutes, blow out the flame, the platinum wire will continue red hot 
until the whole of the spirit lie eahautted. It should be coveretl 
looaely with a glass funuel. so that air may have access to it, yet no 
current be sufficient to rob the platinum of ita beat. 

34. Platinum being infusible, cannot be obtained from 
iU ore, by furnace operations, in the usual way ; it is 
therefore dissolved in atfua regia^ and the resulting chloride 
precipitated hy sabnmmoniac, as in Ex. 1 . ; tliis, when 
heated, yields the metal in a finely divided state. The 
•pongy platinum formed it then heated to wbiteneM* 
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ind iu particles welded together by strong pressure. On 
being again heated, it can be hammered or rolled into 
plates, drawn into wire, &c. 

35. Platinum, being unacted on either by acids or by 
heat, is employed in the manutacture of crucibles and 
‘other chemical apparatus. Large stills made of this metal 
arc used in the concentration of sulphuric acid. (Chap. 
XIV. §21.) It is also used by gun-makers for making 
the touch-holes or nipples of hre-arms ; and in Russia, it 
has been coined into money. 

EXCRCISES ON CHAPTI-K XXVI. 

\. In what form is mfrcury met wiih m nature > 

2. Whence is me reury obtained ? 

.1. Give the symls)!, combining equivalent, sjiecific giavil)f and 
leading profverties of mercury. 

A. How is mercury affected by change of temperature.^ 
r>. How is mercury affected by the air ? 

0 What compoumls does mercury form with oxygen, ind wl.v ii 
Ihcir nomenclature unsettled r 

7. Dcscrilie the grey o.\tde of mercury, ami the model of obtain- 

ing it. 

8. How may the red ovule of mercury he uUtained, and what are 

its pro|>crtie5 

9. Stale the nature and properties of vemuliun. 

10. For what ii mercury used ? t 

11. What arc the physical charactcristica ol silver ? 

12. Illustrate the malleability, ductility, lud tenacity of silver. 

13. How IS silver affected by the atmosphere.^ 

14. How is stiver affected by beat ? 

15. How IS silicate of silver formed, and to what ptupuse is it 

applied ? 

16. For what are oxide of silver and its compounds used? 

17. Whence is silver obtained r 

18. How may metallic silver he obtained from the sulpburet oi 

chloride ? 

19. How may silver be obtained from tbe lead ores in which ii is 

frequently met with ? 

50. What ia the process of eupellatmn t 

51. What b standard silver? 

IS. Whence it gold obtained? 

SI. Under what forms is gold found ^ 
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f4. WbAt if tbe origin of gold*tftnd8) tnd how mty thf ra^tal hi 
obtained from them ? 

25. lUoftrate the ductility, tenacity, and malleability of gold. 

26. How it gold afTected by heat, air, moiiture, and acids ? How 

may gold be dissolved f 

27. Why is gold alloyed f What is standard gold ? 

28. Whence does platinum take its name, and how is it found ia 

nature ? 

29. Whence is platinum olitained r 

HO. State some of the physical properties of platinum. 

31. How is platinum affected hy heat ? 

32. How is platinum dissolved ^ 

33. State the nature and properties of spong} platinum and plati- 

i)um< black. 

34. How is platinum obtained from its ores? 

35. For what is platinum employed ? 


CHAPTER XWII. 

8ALTB. 

1. Most of the compounds of the nietalloi ls with oxy- 
gen are aoidifiable oxides, which, wlieii combined with 
water, form the cinaa of acids formerly called oxt/ffm-acids 
(Chap. XIX. § U). 

2. Most of the compounds of the metalloids witli 
hydrogen are acids, and were formerly termed hy dr acids 
(Chap. VII. § 8). 

8. Most of the compounds of the metals with oxygen 
are bases, or basic oxides (Chap. XIX. § 15). 

4. When acids and bases combine, they more or les-s 
completely neutralize each other, and form a class of com- 
pounds termed Salts. 

5. Salts may also be defined to be compound bodies 
produced, either. 
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(i.) By the union of an acid with a base, a« nitrate of 
•iher, sulphate of copper, carbonate of cal- 
cium, &c. 

Or, (ii.) By the union of a metal with a metalloid, as 
chloride of zinc, iodide of potassium, iSLc. 

6. Salts of the latter class have been termed Haloid 
Salta, from their analogy or resemblance to sea-salt 
Aals, salt ; and i73o;, euios^ form). 

7. Salts formed from acids whose names end in -ic, are 
known by the ending -ate ; those formed from acids end* 
ing in -out have names ending in -i/e. 

Thus, nitric acid forms nitro/es ; mtrows acid, nitri/es ; 
sulphuric acid, sulphu/es, &c. 

8. At the present time all acids arc considered to be 
compounds of hydrogen ; in fact they are hydrogen-salta 
in which the hydrogen acts the part of a metallic base 
(Chap. VII. § 12). 

9. According to (his theory, a salt is formed hy tlie re- 
placement of tlie whole or part of the hydrogen in the 
acid by its equivalent in metal. 

10. When a mono-basic ai'ul (Chap. XVllI. § 20) acts 
on a mono-atomic metal, the single atom of replaceable 
hydrogen is replaced by an atom of the metal. 

Thus, chloride of sodium (NaCl) may be obtained by acting on 
hydrochloric acid (UCl) by sodium (Nu) ; l!je atom of hydrogen in 
tlie acid being replaced by an atom of the metal. 

HCl + Na HsCl + H. 

Again, chloride of sodium may be obtained by adding one atom 
of s^a (Na,0) to two atoms of hydrochloric acid (2HC1) ; t)% 
two atoms of sodium replacing the two atoms of hydrogen, which 
combine with the oxygen to form an atom of water. 

2HC1 + Na„0 = 2KaCl + H,0. 

When a mono-basic acid acts on a di-atomic metal, two 
atoms of acid must be taken for each atom of metal. 

For example, chloride of barium (adi>atomic metal) may be formed 
by the action of hydrochbric acid on metallic barium, on eaustia 
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: bftryto or oiide of baHuin» or on t)ie lijdrat^ oxide of barium | 
thuf f , 

2BC1 + Sa BaCln ^ 

2HC1 + Ba0 - BaCl’+H-O. 

2HC1 ■¥ BaHfO. BaC],<f^ 2HfO. 

!!♦ Conversely* wliefi a di^basic acid acti on n roono- 
atomic un'tal* two atoma of metal must be Uken to form a 
neutral salt. 

For example, nulphate of (:i mono-atomie metal' »« 

formed bi" tlieaetion of aulpiiuno acid (a ili-baaic aeid) on 
aitun* on caustic potass, or on the h ytiratc of ])otaaBium ; thua : — 
H#80*4^2K 

H«80^ '4' KySOi -f H!^0* 

H^80, + 2KH0 K,80, + 2^0. 

12. A di-baaic acid is neutralized by a di*atomic iiietid 
atom for atom. Thus, 

B.^804 4 Ca := Ca60^ -♦ B[f. 

H.804 4 Ca0 -= Ca80,4tt0. 

H^SO^ + CaH^O, = CrSO,2H,6. 

1!). In order to form a neutral salt with a tri-baaic acid. 
We muat take* lor a 

^louo uiomic metal, 3 atoms of metal to 1 atom of acid. 

Di-ntomic „ li „ ,* 2 atoms „ 

Th-alomic „ !(:)) „ „ 1(3) „ „ 

Thus, Phosphate of Sodium NaJPO^. 

I’hoKphato of Cttlciuin Ca,2P0|. 

Phosjdiate of Biaiuutlt ^- Bl, 8 P 04 = BiP 04 . 

14. Conversely, to form a neutral salt with a tri-atomic 
ibetal* we must iiave, 

1 atom of metal to I atom of a tri basic acid. 

2 atoms „ B atoms „ di-basic 

1 atom ,, d „ „ mouo^baaic acid. 

Thus, Phosphato of Bismuth r ~ BiPO,. 

Sulphate of Aluminum ~ Al^SO^. 
filtrate of BUaiuth = Bi8Jr0». 
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15. When only pnrt of the hydrogen in the acid is re* 
placed by a metal, the resulting compound is an ucid 9alt 
or wper-Molt. 

For iniUnce. in sulpliurio acid (HsS 04 ), which is di-basic, om»or 
both of the atoms of Ijjdrogcn may b© replaced by potassium. 
Thus. 

Sulphuric Acid 3 = H,80. 

J'leutral Sulphate of Potassium ... ... = K,804, 

Acid Sulphate, or Per*BuIphate of Potas^sium — KHSO 4 . 

Or, agai** In ])hosphoric arid (1I,P0|), which is tri-basic, one, 
two, or three atoms of Ii>drogeii may bo replaced by sodium. 
Thus , 

Phosphoric Acid ... ... = H^ 04 . 

Basic Pliosphate of Sodium NaiPOi. 

Jicutral Pliospliate of Sodium . . - Ha^HPDs. 

Acid-, or Per*phosphate of So<iium HaH^PO,. 

10. The metallic or quasi -metallic half of a salt ia 
called the base or basyle. 

The non-metallic part of a salt is sometimes termed the 
9aU radical. 


Balt. 


lU^e. Balt-radkal. 

Thu**, Chloride of S(xliuin 

NaCl 

Na 

Cl. 

Sulplmtc of Iron 

FiSO^ 

r FO 

SOo 

Carbonate of Calcium 

CaC< h 

Ca 

CO.v 

Nitrate of Ammonium 

(NH^) 

NO,. 

Cyanide of Pola»»ium 

KiC.V) 

- Ja 

(CN). 


17. Acid salts, or per salts, in which the hydrogen of the 
acid has not been entirely replaced by the base, or in which 
the talt-radical is in excess of the base, are frequently 
iiarked by the Latin prefixes, ^ 1 -, /er-, sesqui-^ &c. ; aa — 

Bi-sulphate of Potaaaiuin KHSOi. 

Bi-carbouate of Sodium KalICQp. 

Bi-sulphuret of Iron FrS:. 

Xer-borate of Potassium KJit3BQ^ 
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Or, agftiii, Chromntc of Potassium ^ O = KtCrO^, 
Bichromate „ 2CrOa } ^ = 

Torct)romatc „ 3CrO ^ ^ K.,CrjOia. 

18. The prefixes proto-^ &c., before the name of 
an oxygen-salt, sliow that the base is in the state of jpro* 
f(M>xide, fter-oxide, &c. 

Thus, proto-si?^pl»atc of iron, FcSO,, it the sulphate of the pro- 
toxide (Ffi0,80,). 

Per-Hulphiit/O of iron, FcfSSO^, is the sulphate of the peroxide 
(Fe,03,3S0,. 

19. Basic, or sub salts, in which the base is in excess of 
the salt-radical are frequently marked by the Latin prefix 

or the Greek prefixes ///-, fn-, &c. 

Thus, Sub-chloridc of Mercury HjfCI. 

Sub-oxide of Copper Cu,0. 

Sub-carbonate of CopjxT CuCO^.CuHtO^ 

20. The replaceable atoms of hydrogen in an acid may 
be replaced by difi'ereiit metals according to their equifa- 
lent power, hence we have double salts. 

For instance, common alum is a sulphate of aluminum and potas- 
sium, four atoms of hydrogen in two atoms of acid being replaced 
by one of tri-atomic aluminum, and one of mono-atomic potaaiium. 
iWs, 


^ I 280, bcoomc. ^ | 280, = A1X280.. 

Again, in the double sulphate of copper and potasi*ium, 

I 2S0^ hocomes ^ | 280, — CuK^SO,. 

Again, in tlie (tri-hasic) phosphoric acid series, we have a doable 
phoapliatA* of maguesium and ammonium, for 

J’ I PO, U-comc. ** J PO, = Kg KH.'PO,. 

Ones more, in the mineral ralltHl duUmite, we have a double car- 
bonate of calcium and magnesium (Ih)Ui di-atomir metals). Ulus, 




becomes 
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Ex. a . — Pour ft strong solution of oxalic acid^ on some 

fopjier 61>nn, an oxalate of copper, Cu<C,0.), is formed ; if ammo- 
Ilia be added, decomposition ensues, oxalate of ammonm isproduoed, 
and oxide of copper precipitated. 

Cu(C,O,) + 2(NH0nO (NIIJ,<C,0). + H 50 4-Cu0. 

Ex. A.— If instead of pure an«monia we add oxalate of ammonia to 
oxalate of copper, no decomposition takes place, but u double salt 
Called oxalateof ammonia and eopf>er is t he resiilt,CuvN 114)1 + 2 (C, 04 ). 
This double salt forms blue rhomboidal ervstals. while tlie separate 
salts appear, — the one, the oxalate of ammonia, in the state o( Jtat, 
irhiie, pritmatic crystals ; the other, the oxalate of copj)er, in the 
form of a green powder. 

21 . Many of the acid or super- salts may be strictly 
considered double salts, in which water forms one of the 
hoses: — thus common bisulphate of potassium, KHSO 4 , 
might he regarded as a double sulphate of potassium, and 
water. K 3 H, 2 SO, = 2 KHSO,. 

22. The particles of almost every substance, simple or 
compound, iiave, when passing from tlie fluid to the solid 
state, a tendency to arrange themselves in certain geome- 
trical figures, usually hounded by flat surfaces. These 
figures are termed crystals, and the process by which they 
are formed is termed crystallization. 

Thus common salt crrstallizes in the form of cuhi*'» or dice; Kp- 
•om salts, mfour<suled prismi ; salt pet re, in six-Nidid prisms; alum, 
in oc'tohedm or double pyramids ; 

23. Crystalliration takes place during the pass.ige of 
bodies from the fluid to the solid state. This may be 
effected in several ways. 

First, by simple fusion and slow cooling, as in the case 
of sulphur, the metals, &c. 

See Cliap. XIV., Ex. a ; Chap. XXIV., Ex. h. 

Secondly, by sublimation, as in the case of iodine, arsenic, 
and antimony, camphor, naphthaline, benzoic acid, &c. 

See Chap. XVI, Ex. m ; Cliap. XXV , Exm h. and q. 

Thirdly, by solution and subsequeut evaporation, as in 
the case of most salts and organic compounds. 

Em. c. — Kake a strong solution of loaf sugar, [K>ur the syrup thua 
made into a vessel of any kind, which place in a alow oven ; the 
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evaporation being rapid, Die lugar will be deposited in vei^ small 
.Trjrstals, or, in fact, the whole will become loaf sugar again. Place 
some of the same solution in a ]>an, stretcli ond or more striiiyi 
across the vessel and set it aside, so that the evaporation maj beTei|r 
slow ; instciid of the sugar presenting a fine mnular surface as befors, 
it will appear in large wcll-forme<l cPTstuls clinging to Uie strings. 
In this state it is known as sugar candy. 

24. It is a general rule that every crysUllizable aubsUnce 
has its own crystalline form. The same body may, how- 
ever, under different circumstances be found crystalliaed. 
on two different systems, it is then termed dimorpk^u^ 
(two-formed) ; thus carbon appears in octohcdral crystals . 
in the diamond, and in hexagonal or six-sided plates ^ 
plumbago ; carbonate of calcitifn and Hulphur are other 
examples of dimorphous bodies. 

25. When different substances of similar chcmictil cou- 
stitutions cr 3 ^stallize in similar forms, and can consequently 
replace each other without altering the geometrical figure of 
the crystal, they are termed umnorphou»y (equal or like- 
formed). Crystals of isomorphous bodies, w hen of the same 
colour, cannot be distinguished by the eye ; this is the else, 
for instance, witli the sulphates of zinc and magnesium. 

2C. Most crystallized salts contain what is termed waltr oj 
rrystaUizatiou, This water, whicii forms part of the crystal, 
not of the salt, may be removed by bent or by exposure to 
A dry atmosphere, and must he distinguished from the b^ic 
water essential to the exlslenceot certain •alt8a8uoiiced,§21. 

27. Some crystallized salts are naturally anhydrous, ihtt. 
is, they contain no water of crystallization, as nitrate of 
potassium {saltpetre). 

Olliers become anhydrous when heated ; — thus gypsum, 
Of Unite, or sulphate of calcium il found in tniusparetitcrya- 
tnls, unchangeable in the air, but at a red heat crumbling , 
down into the white powder known a^ plaster of Paris. 

• The primitive forms which crystals assume may be arranged in 
six classes or systems, and in each of tiicso there is a great nunibar • 
of sei'oridary forms, for full details of which Oie s(ud«uit unist refer 
to eompkie treatises on Mineralogy. 
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28 . Some wilts part with a portion of their water of 

crystal lizatioT) wherj exposed fo dry air, and crumble into 
powder, or, aa it is termed, as carbonate of sodium, 

acetate of calcium, sulphate of copper, &c. 

29 . Other salts, instead of parting with their water of 
,cryatallization, attract oioisture from the air, and become 
inorc or less liquid or tJe/a/uesee, as, for instance, carbonate 
of potassium, chloride of calcium, &c. 

EXERCISES ON CHAPTER WVII. 

1. What are oxyg:en*aci<]t f 
‘i. What arc hv«lr.acidj ? 

3 What arc btkic oxidet r 

4. < What are said } * 

5. How may salts be formed ? 

Cl. Why have some salts been termed Haloid lalts ? 

7. M*hat is shewn by the tjrrmiiiNtiuns -a/e and 'ite? 
tj. How are acids now regarded ? 

9. What It the metier n theory of the formation of a salt ? 

10 , IL, I K\))l in the action of mono bojtic, ili baitic^ and tri*b^uie 

13., 14. \ acids*, or tnetalt of diffeient equiNiilciit power. 

15. How it an aetd-^aft or $uper-Halt obtained ? 

16. Kx plain the terms ba»r and tali radicaf. 

17. Give examples of super-Mlit, 

1^<. W'hat It thewn by the prefixes j/roto~. per-, &u:. ? 

19. W^hat it a 6attc or huh-ualt 

20. Explain and illustrate the term doubh-tall. 

21^ W*by may tome tuper- or iic///'»ald be considered as doubla 
•alts ? 

22. What it meant by cryitallization } 

23. Under what circumitancet do bodies cryttallize? Give ex* 
aniplet. 

24. What It meant by dimorphous bodiet } 

26. When are bodiet termed isomorphowi 7 

26. What it meant by water of crystal lizai ion ^ 

27. Give examples of anJkpdrotu salts. 

28. What arc efftorewceni talu r 

20. When are aalta said to be (lefiftfescenf / 
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CHAPTER XXVIll. 

CAHBOHATKS. 

Cor home act (I H.-COj. 

The Carbonatei arc formed hy the union of carbonic 
acid with a metallic oxide, and are, for the rnoAt part, 
inaoluble, white, or light-coloured nalts. Many of them are 
found native, and nearly all may be artificially prepared by 
adding carbonic acid or a aolution of an alkaline carbonate 
to a aolution of a metallic aalt. In tbe latter case a dou- 
ble decompoKitiou ensues with iuterchauge of acids and 
bases. 

2. Tbe affinity of carbonic acid for the majority nt 
metallic oxides is so slight, that the addition of nlinost any 
other acid will affect its separation ; the decomposition 
being accompanied with effervescence owing to the e8CJi|>e 
of carbonic acid gas, ns in the familiar instance of the effer- 
vescing draughts prepared by adding tartaric acid to car- 
bonate of sodium. 

3. All tbe carbonates, excepting IIio^nc of tbe alkalies, 
may be decomposed by bent. The alkaline carbonates are 
aohible, and retain u part, at least, of their acid at the 
liigheai (cmperalnrcs. 

•4. Carbonate of Potassinm, K,C0,-bH,0, is prepared 
from tbe ashes of land plants, (especially of their green 
and tender nnrts\ hy stirring them in water so as to dis- 
•olve out ail the soluble matter they contain. The /ye 
thua ohtaiued is strained, and then evaporated to dryness ; 
the maas which remains is an impure carbonate of potas- 
aium (yrey salU), This, when further purified, becomes 
tlie pearlash of commerce (irAi/e taiis). 
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5. Pure cnrbonate of potaatiam may be obtained by 
beating cream of tartar (acid tartrate of potasainm), 
KH,C 4 H 40 «, to redness, whereby the salt is decomposed, 
giTing off inflammable gas and leaving behind a mixture of 
charcoal and carbonate of |>otassiiim ; the latter is dissolred 
out by water, filtered off, eraporated, and crystallized. 

6. Potass being a powerful base is not entirely neutraK 
ized by carbonic arid, so tliat carbonate of potassium pos. 
seises alkaline properties, though to a less extent than the 
pure alkali. 

Carbonate of potassium i'^ deliquescent, insoluble in alco- 
hol, but completely soluble in its own weight of cold water. 
When its crj^stals are heated, they lose their water of crys- 
tallization, and become anbydioiiM ; they may be even fused 
without further change. 

7. Bicarbonate of Potaasiom, KHCO;^, is formed by 
passing a stream of carbonic aiud through a cold solution 
of the carbonate. It possesses very slight alkaoue proper- 
ties, and is much less soluble than the preceding 

When a solution of it is boiled, or its crystals are heated, 
the salt is decomposed into water, carbonic acid, and the 
simple carbonate. 

8. Carbonate of Sodium, Nn,rO,+ lOILO, may he oh- 
tained from the ashes of sea- weeds, and marine plants, 
such as the Saitola Moda^ by a process similar to thst 
described for preparing carbonate of potassium. The im- 
pure salt thus obtained forms the barilla of commerce, 
which is largely imported for soap-makiug, &c., from Uie 
coasts of Spain. 

Sometimes the carbonate of sodium is found native, 
basing been left bv evaporation on the shores of certain 
Ukea, termed natron laket, in Africa ; also in Mexico, 
Hungary, &c. In some instances this natron is a sesepti- 
carbonate of sodium, 2 iNa 5 CO„H 5 CO,-f 

* The sesquicarbonate of sodium, like that of potaseium, t« • 
aataral product, and cannot be formed at pleasure. 
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powder, p owie em tii^; properlteA »nalo|itont to thoee of 
dkArbooAte of potoMiiiin, Aod maj ht prcicured in a airoilar 
manner. 

fl cannot be diuoUrd in warm vialer without ^larlial 
decomposition. 

18. The carbonate of both potassium and soilium art* 
moch emplojred in rlass.tnakttig;. soap-making, washing, 
>leaching, and in mrdicinf. 

The carbonate of sttdtmm forms a hard soap, that of />«- 
asf/iriM, a 0 t/i soap, when boiled with fatty mstlrrs. 

The carbonate of sodium is rather less soluble than car- 
umate of potassium, but is mi»rc fusible, it cuiisef|ueutly 
nakes a better glaaa. 

14. There appear to be at least tlirec conipoumls of 
rarbonic acid and ammonia. 

1. The neutral Carbonate of Ammonia (Ml JJ 1,0, CO;. 

a white powder, formed by niiiuig one volume ot 
carbonic acid gas with two vulutues of gaseous 
imnionia. 

2. Seaqni carbonate of Ammonia, or ordinary **smelb 

log salts,’* : ):H:0idC0i. — Tliit •ubslance 

may be readily prepared by mixing coarsely 
{Kiwdered sal-ammoniac (chloride of ammonium) 
aith carbonate of lime, and exposing it to heat ; 
mutual decomposition ensues, and sesqui-esrbonste 
of ammonia subltues, leaving a residue of cblonde 
of calcium and lime. 

<MI4)C1 4^ 3CaCo»- 2 ’ ( N 11 ), HiO ) ^COi + 2CaCU -h CsU. 

8. Bicarbonate of Ammonia, (NHx)H,0,C0„ may be 
formed by pasaing a current of carbonic acid gas 
through dilute liquid ammuuia. It u also the re- 
sult of exposing the carbonate and sesqui-carbo- 
nate to the air, whereby part of the ammoota ie 
diaaipated. 
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Tbc symbols in the preceding paragraphs refer to the ear* 
bonates of ammonia as salts of the volatile alkali, (NH8)2H|0; 
they may, however, be expressed as salts of (the supposed^ 
mono-atomic metal) ammonium, NH4, and will then ap- 
pear in the following form : 

Carbonate of Ammonium (NH4)..C0,,. 
Sesquicarbonate „ 2{ (N H,) ,C0a}C02. 

Bicarbonate „ (Nll4)UC03. * 

A strong solution of sesquicarbonateof ammonium, made with 
tepid water, and filtered, warm, into a close vessel, will 
after a few days deposit crystals of the bicarbonate per- 
manent in the air, and strongly resembling crystals of bi- 
carbonate of potassium.*' — Fownea, 

When organic substances containing nitrogen, as, flesh, animal 
excretions, &c., decay or putrefy, carbonic acid gas and 
gaseous ammonia, are set free ; these uniting, escape into 
the air, as carbonate of ammonium, the powerful odor of 
which may be readily perceived near stable yards, manure 
heaps, &c. 

15. Carbonate of Barium, BaCOs, is a natural product, 
called Witheriie, by mineralogists. It is highly poisonous, 
has no action on vegetable colors, and is but slightly 
soluble in water. 

Salts of Barium are poisonous, those of Strontium are not. 

16. Carbonate of calcium, OaCOs, is distributed all over 
the globe, iu the form of limestone, marble, chalk, cord-^ 
reefs, shells, &c. 

It has been stated, that all the deposits of chalk and limestone, 
although they are so extensive as often to form mountain ranges, are 
of animal origin, and have been formed by accumulations of corals, 
shells, and skeletons of minute animals which formerly existed, but 
have become consolidated by pressure, and other causes, during the 
course of ages. 

The formation of coral reefs, which are masses of carbonate of lime 
built up by m3rriad8 of coral-polyps, is an existing illustration of 
aimilar deposits. 

17. Carbonate of calcium not unfrequently occurs < 
talUxed, as in Iceland^ or calcareous spar, and iu 
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minenl termed arragonite. These two minerals, though 
eltke in composition, have very different crystalline forms, 
as well as different speciffc gravities, and optical pro- 
perties. They are, in fact, illustrations of the dimorphous 
character of carbonate of calcium (See Chap, XXVIL § 24) . 

18. Carbonate of calcium is nearly insoluble in pure 
water, but is readily dissolved by water containing carbonic 
acid. Water so impregnated is termed hard water (page 
40), and deposits carbonate of calcium when heated, owing 
to the escape of carbonic acid. 

Whtxk the hardness of water arises from the presence of carbonate 
of calcium, it may be removed by the addition of potass, soda, or lime 
water, whereby the excess of carbonic acid is neutralized, and carbo> 
Date of calcium deposited. This is one use of potass, or soda, in 
gashing. 

19. The deposition of carbonate of calcium, from its solu- 
tion in carbonated water, by evaporation, is the cause of 
the encrustations, found in tea-kettles and steam-boilers, 
especially in chalk and limestone districts ; and also of 
the masses of mineral matter, often found in limestone 
caverns, termed stalactites and stalagmites; the former, 
hanging like icicles from the roof, the latter, rising in various 
shapes from the floor. 

Ex, a . — Pass a current of car- 
bonic acid through water which 
has been rendered milky by a 
little powdered chalk, the liquid 
will gradually become clear; if 
heated over a lamp, chalk will be 
again deposited. 

20. Carbonate of Iffag- 
nesium, MgCO^, is not 
easily prepared artificially; 
it occurs native in crystals 
somewhat resembling Iceland spar, but much more abun* 
Nptly in combination with carbonate of calcium, forming 
y >iian limestone : MgCa2C08* 



Fig. 75 . 
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21. The carbonate of magnesium, or magnesia alha^t the 
druggist, isnot a neutral carbonate, butacompound of hydrate 
and carbonate, consisting of 4 MgC 03 + MgH,0,+5H»0, 
It is prepared by adding a hot solution of carbonate of 
potass or soda to a hot solution of any soluble salt of mag- 
nesia, boiling the mixture for a few minutes, and then well 
washing and drying the precipitate formed. 

22. Carbonate of Iron, FeCO,, occurs in nature as 
spathose iron ore, and as clay iron-stone, the most abun- 
dant and important of the ores of iron. It is also often 
found in mineral yaters, being held in solution by the 
excess of carbonic i acid they contain ; such waters are 
termed chalybeate,: mdi may be known by the rusty color 
they impart to thej stones, &c., over which they flow, and 
by their disagreeable, inky taste, 

23. Carbonate \ of Copper, CuCO;j; a neutral car- 
bonate of copper^ is unknown. When a hot solution 
of a salt of copper^ (the sulphate, for instance,) is added 
to a hot solution of \ carbonate of potassium, or sodium, a 
bulky green precipiltate is thrown down, which is a Hy- 
drated Carbonate /of Copper, CuCOsCuHAf used by 
painters under the name of green verditer, or mineral green. 
The beautiful mirieral called malachite, which is found 
chiefly among the/ Uralian mountains, is a native di-carbo- 
nate of copper. / 

24. If cold Solutions be used instead of hot, the result- 
ing precipitatie will be of a blue colour; it is also a Hy 
drated Carbonate of Copper, 2 (CuC 03 ),CuH 202 , known as 
blue verditerL and found beautifully crystallized in France, 
Saxony, Bohemia, &c., when it is termed chessylite. 

25. Carbonate of Lead, PbCOs, is a soft, white 
powder, insolluble in water ; and called by various names, 
such as cerus^ flahe white, white lead, &c. When ground 
with linseed, mr some other oil, it is used as a white paint, 
or as the basii with which other paints are mixed in ordei 
to render then^i opaque, or, as it is termed, give then 
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If purt water be allowed to stand in leaden vessels, exposed to the 
air, it will, in a short time, contain particles of carbonate of lead, as 
stated in Chap, xxiiii., | 21. 

26 c White lead may be prepared by various processes , 
one of these (the Austrian method), is by passing a cur« 
rent of carbonic acid gas through a solution of tris^acetate 
or subacetate of lead, Pb(CaH,Oi)2,2PbO, formed by boiling 
finely powdered litharge (protoxide of lead) in a solution 
of the acetate of lead, or in distilled vinegar (acetic acid, 
H,(CtH«Qe). The subacetate of lead is decomposed by the 
carbonic acid, and carbonate of lead precipitated. 

27 . The oldest (the Dutch) process, and the one still 
mostly preferred, is by exposing thin plates of pure cast 
lead to the action of the vapor of vinegar, in earthen 
vessels, placed on a hot bed formed of manure or tanners* 
spent bark. 

The vapor of vinegar or acetic acid appears in the latter 
process to act, chiefly, as a carrier between the carbonic 
acid, arising from the decomposition of the bark, &c., and 
the oxide of lead, formed under the influence of the acid 
vapor. Successive portions of the metal become converted 
into subacetate of lead, Pb(C2H302)2j2^0 ; this subacetate 
is immediately decomposed by the carbonic acid, and car- 
bonate of lead is formed. The process gradually proceeds 
from the exterior, till the whole thickness of the metallic 
lead is changed into a carbonate. 

Ex. b, — Fill a series of test glasses with the following solutions, 
and add to each a few drops of a solution of carbonate of potassium, 
or sodium. 


Solutions. 

Nitrate of Barium 
„ „ Strontium 

Chloride of Calcium 
Sulphate of Iron 
Chloride of Nickel 
„ „ Cobalt 

Acetate of Lead 
Sulphate of Copper 


gives 


Precipitates. 

Carbonate of Barium white., 
„ „ Strontium 

„ „ Calcium. „ 

,, ,, Iron „ 

,, „ Nickel green. 

„ „ Cobalt 'pink. 

,, „ Lead lohite^ 

„ „ Copper blue. 
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EXERCISES ON CHAPTER XXVIII. 

1. Whit are the carbonates, and how may they be prepared f 

2. State how the carbonic acid may be separated from a carboiiil% 

and give illustrations. 

3. How are the carbonates affected by heat and moisture ? 

4. How is ordinary carbonate of potassium obtained ? 

5. How may carbonate of potassium be obtained pure ? 

6. What are the properties of carbonate of potassium i 

7. How is bicarbonate of potassium procured, and in what does it 

differ from the carbonate ? 

8. Whence may carbonate of sodium be obtained ? 

9. How is carbonate of sodium manufactured on a large scale ? 

10. Explain the successive steps in the usual process of manufactur* 

ing carbonate of sodium. 

11. State the properties of carbonate of soda. 

12. How is the bicarbonate of sodium obtained, and what are itf 

properties ? 

13. For what are the carbonates of potassium and sodium used f 

14. Describe the carbonates of ammonium. 

15. What are the properties of carbonate of barium } 

16. Where is carbonate of calcium found? 

17. Illustrate the dimorphous character of carbonate of calcium* 

18. What is hard water ? 

19. Explain the origin of stalactites^ &c. 

Where is carbonate of magnesium found ? 

21. What is magnesia alba ? 

22. Where is carbonate of iron found ? 

23. What is green verditsr, and how may it be prepared ? What is 

malachite^ and where is it chiefly found ? 

24. What is blue verdiiert 

25. What is carbonate of lead, and for what is it used ? 

26. How is white lead prepared by the Austrian process ? 

37. Explain the common process for obtaining white lead* 
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CHAPTER XXIX. 

SULPHATES. 

Sulphuric Add — HjSO^. 

1. The Sulphates form au important class of salts. 
They are produced, either by the direct combinatio’^ of 
sulphuric acid with a metallic oxide, — by the addition of 
sulphuric acid to a metallic carbonate, whereby the car- 
bonic acid is displaced, — or by the action of sulphuric 
acid on a metal. 

In the latter case the metal is oxidized, either at the 
expense of the water with which the acid is diluted, while- 
hydrogen gas is evolved, see Chap. v. § 13, 14, or at the 
expense of a portion of the acid, which, if concentraUdy 
is decomposed, and sulphurous acid gas given off. See 
Chap. xiv. § 12. 

2. The sulphates are sometimes formed in nature, 
through the oxidizing influence of the air on metallic sul- 
phurets, whereby the metal is converted into an oxide and 
the sulphur into sulphuric acid, and these uniting to- 
gether form the sulphate. Thus, for instance, 

FeS-l-40 =» FeS 04 . 

8. The sulphates are for the most part soluble in water,* 
and the solutions give a white precipitate with chloride of 
barium, BaCl, or any other soluble barytic salt \ this pre- 
cipitate (sulphate of barium, BaS 04 ) is insoluble, either in 
acids or alkalies. 

* There are, so far as at present known, but six imoluhle sul- 
phates, viz., sulphate of barium, bismuth, tin, lead, antimony, and 
mercu^ ; and six sparingly soluble ones, viz., sulphate of strontium, 
lime, silver, zirconium, yttrium, and cerium. 
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Chloride of barium is thus a test for the presence of 
Bulphuric acid. 

BaCl,-f HaS04 == 2HCHBaS04. 

4 . An insoluble sulphate may be detected by being 
fused with three times its weight of carbonate of potas- 
sium or sodium. Double decomposition ensues, a metallic 
carbonate and an alkaline sulphate being formed. The 
nature of the metal may be ascertained from the former, 
and the amount of sulphuric acid from the latter. 

5 . All the sulphates, except those of potassium, so- 
dium, lithium, barium, strontium, and calcium are decom- 
posed by a white heat, yielding sulphuric acid, sulphur- 
ous acid, and oxygen, and leaving a metallic oxide. 

6. All the sulphates are decomposed when mixed with 
charcoal and heated to redness, being for the most part 
converted into sulphurets, while carbonic acid and carbonic 
oxide are given off. 

7. Sulphate of Potassium, K3SO4, and Acid-sulphate 
of Potassium, KHSO4, are artificial salts. The latter 
formerly termed saUenixum, is formed during the process 
of preparing nitric acid from nitrate of potassium by 
the action of sulphuric acid. Chap, Fill,, § 21. It 
it used in calico-printing, and for cleaning brass and other 
metallic work previous to lacquering or finishing, also for 
cleaning coins. When heated it is decomposed into sul- 
phuric acid and the neutral sulphate. 

The sulphate of pote,ssium may be obtained by adding 
potass or carbonate of '^jotassium to a solution of the acid- 
sulphate ; it is sometimes used in medicine. 

8. Sulphateof Sodium, or 6 r/tfM 6 er’«jS'a^ftf,NaaS 04 + lOHA 
may be prepared by adding sulphuric acid to common salt, 
and ii formed in large quantities in the processes for ob- 
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taining chlorine and hydrochloric acid, described in Chap, 
XFLy §§ 9, 14, and in the manufacture of carbonate of so- 
dium, Chap. XXVIII. § 10. 

(i.) 2NaCl + Mn02 + 2 (H 2 S 04 )= 2Cl + 2H80 + MnS 04 + Na2S04. 

(ii.) 2NaCl + H 2 S 04 = 2HCl + NajSO,. 

It is termed Glauber's salt from a chemist named Glauber, who 
first introduced it as a medicine ; it is now chiefly used for horses and 
cattle. 

Ex. a. — Put half an ounce of sulphate of sodium, with the same 
quantity of nitrate of ammonium, into a mortar, and let them be 
smartly rubbed together ; they will each part with their water of crys- 
tallization, and this water will render them both quite fluid. 

9. Sulphate of Barium, BaS 04 , is an abundant na- 
tural product, known as heavy spar. Its artificial produc- 
tion has been noticed in § 3. It forms a valuable white 
paint {permanent white)^ which remains untarnished by 
sulphuretted hydrogen or other vapors. It is frequently 
employed for tlie purpose of adulterating white lead ; the 
adulteration may be detected by dissolving white lead in 
nitric acid ; if pure, the whole will be dissolved ; if any 
sulphate of barium be present, it will remain as a white 
sediment. 

10. Sulphate of Calcium, or Gypsum, CaS 04 -h 2 H 20 , 
is a soft, white, mineral, very abundant in nature ; the finer 
kinds are known as alabaster, and when regularly crystal- 
lized, it is called selenite. When gypsum is heated to 
about 300® F., the greater part of its water of crystalliza- 
tion is expelled ; it is then ground to powder, and known as 
Plaster of Paris. 

1 1 . When Plaster of Paris is made into a thin paste vrith 
water, it again combines with it, and speedily sets or 
hardens, as we see in the case of plaster busts, stucco work, 
&e. 

This ofiect, however, does not take place if the gypsum 
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has been over-lieated, so as to become anhydrous, or if the 
plaster has been made some time. 

12. Since sulphate of calcium is somewhat soluble, and 
exists abundantly in the earth, it is frequently found in 
spring or well water. All waters containing lime are 
called hard^ but snch as contain sulphate of calcium are 
permanently hard, that is, they do not deposit their lime 
and become soft by boiling, as waters containing only car- 
bonate of calcium do ; such water may, howerer, be de- 
prived of its hardness by the addition of an alkaline car- 
bonate, which, by doiible decomposition, precipitates the 
lime in the form of chalk. 

13. Ground gypsum is frequently used in agriculture, 
as a manure for clover, peas, beans, &c. It is believed to 
act by furnishing lime and sulphur to the plants, and by 
absorbing the carbonate of ammonium found in the air 
and in rain-water. It is said to fix the ammonia ; this it 
does by double decomposition, whereby the volatile carbon- 
ate of ammonium becomes the non-volatile sulphate ; and 
the gypsum or sulphate of calcium becomes carbonate of 
calcium or chalk. 

CaS04 + (NH4).C03 = (NH4) S04+CaC03. 

Ex. h . — Put into a glass a few spoonfuls of a saturated solution of 
chloride of calcium, and add to it gradually, drop by drop, sulphuric 
acid. If these two liquids be stirred together with a glass rod, they 
become converted into an opaque, white, and almost solid mass of 
sulphate of calcium. 

14. Sulphate of Magneaium, MgSOo + THiO, ia well 

known by the name of Epsom salts, having been first ob- 
tained from a spring at that place. It is found in sea- 
water, and in many mineral springs. It has a bitter, 
nauseous taste, is very soluble, crystallizes readily, effloresces 
slightly when exposed to the air, and is much used as an 
aperient medicine. 

15. It 18 manufactured in large Quantities by the action 
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of dilate snlphuric acid on magnesian lime stone (a native 
carbonate of calcium and magnesium). Sulphates of cal- 
cium and of magnesium are formed, but the latter being 
very soluble, is easily separated from the slightly soluble 
sulphate of calcium, by adding a little 'water to the mix- 
ture, and filtering. 

16. Sulphate of magnesium is also frequently obtained 
by the action of sulphuric acid on bittern^ that is, the 
liquid 'which remains after the extraction of the common 
salt from sea- water. 

This bittern, so called from its bitter taste, consists 
chiefly of sulphate of magnesium and chloride of magne- 
sium. On being boiled with sulphuric acid, the chloride 
of magnesium is decomposed, and sulphate of magnesium 
formed. 

The Utter process is preferred, when the sulphate of magnesium is 
prepared for the purpose of being converted into the carbonate, on 
account of the absence of iron, which metal is generally present in 
the salt prepared from magnesian limestone. 

On the other hand, the former process, & 17, is preferred for medical 
purposes, because the salt is free from chlorid'. of magnesium, and 
consequently not deliquescent, and may be obtained very nearly pure. 

17. Sulphate 

I 8 H 2 O, may be prepared by boiling calcined (or burnt) 
clay in sulphuric acid ; it is a very soluble salt, which is 
unaltered in the air ; when exposed to heat, it loses its 
water of crystallization and becomes anhydrous ; heated to 
redness, it is decomposed, the acid being expelled, while 
pure anhydrous alumina remains. 

Sulphate of aluminum is itself an unimportant compound, but com- 
bines with the sulphates of potassium, sodium, and ammonium, form- 
ing double salts of great interest, known as alums, 

18. Sulphate of Aluminum and Potassium, Common 
AlutUy Al 2 K 24 S 04 4-24Ha0, may be prepared by simply 
mixing together the sulphates of aluminum and potassium, 
but it is generally obtained from a kind of slaty clay or 
shale, which contains much iron rites ^ bisulphuret of 
iron, FeSa, by the following process. 
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The alutuinoui thtle, or at it it termed^ It moderately 

roatted, then motttened and expoted to the action of the air, whereby 
the sulphur hecomet oxidized into tulphuric acid, which, uniting with 
the iron and alumina, forms proto-sulphate of iron and sulphate of 
aluminum. 

These salts are dissolved out from the mass by water, the solution 
partly evaporated, and left to cool, when great part of the sulphate of 
iron separates in crystals, and the sulphate of aluminum being much 
more soluble, remains. Chloride of potassium is then added, whereby 
the rest of the sulphate of iron is decomposed, while sulphate of po- 
tassium and chloride of iron are formed. The sulphates of aluminum 
and potassium then combine and form alum, which is separated by 
crystallization, the more soluble chloride of iron remaining in solu- 
tion. 

19. These steps may be thus stated : — 

Ist. Oxidizing influence of the air, 

AlA+3FeS,+210 = Ah3S0,+3FeS04. 

2nd. Separation of a part of the sulphate of iron by 
crystallization, decomposition of the remainder 
by chloride of potassium, and subsequent forma- 
tion of the double salt. 

Al33S04+3FeS04+2KCl := (Ah3SO,-f K.SOO +FeCl,. 

= Al3Ko4S04-f FeClo. 

20. Alum has a sweetish, astringent taste, reddens vege- 
table blues, is soluble in eighteen times its weight of cold 
water (60° F.), and in about three-fourths of its weight of 
boiling water. When heated, it becomes anhydrous (burnt 
alum) ; at a high temperature it is decomposed. 

Alum is much used in tanning, dyeing, calico printing, 
&c. ; and by candle makers, to harden the tallow and render 
it white. 

The pigments called lake-colors, such as crimson-lake, madder-li^e, 
carmine, Ac., are formed by adding alum to a solution of the coloring 
matter, and then an alkali to precipitate the alumina. 

4.— Repeat Ex* o, Chap. xxi. 
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21. Alum affords a striking example of isomorphism. 
(Chap. XXVIL, § 25) ; for the potass may be replaced by 
soda, or ammonia ^ and the sesquioxide of aluminum by 
sesquioxide of chromium or iron 'without altering the crys- 
talhne form of the salt. 

Common alum = AI5K24S04, o/* Al^SSO^ + KjSO^. 

Soda alum — Al2Na24SO^, or Na^SO^. 

Ammonia alum -- A13(NHJ24S0^, or Al^SSO^ + (NHJiiS 04 . 

*Chrome alum = CrjKa4S04, or Cr23S04 + K3SO4. 

^Iron alum = Pe2Ka4SO‘i, or FejSSO^ + K^SO^. 

^Manganese alum — Mn2K24S04 or M1123SO4 + KjSO^. 

A very pure alum {Roman alum) is obtained in the Homan States, 
by simply heating a mineral termed alum-atone, till sulphurous acid 
begins to escape from it, and then dissolving the residue in water. 

Alum*stone contains an insoluble subsulphate of alumina with 
sulphate of potass. The heating has the effect of separating the 
excess of alumina, so that a neutral sulphate of alumina is formed ; 
which, uniting with the sulphate of potass, forms alum. Alum-stone 
appears to be continually produced at the Solfatara, near Naples, and 
in other volcanic districts, by the joint action of sulphurous acid and 
oxygen upon trachyte, a volcanic rock composed almost entirely o. 
felspar^ which is a double silicate of alumina and potass — 

Al43Si04+K4Si04 = 4(AlKSi04). 

22. Froto-sulphate or Sulphate of Iron, Copperas^ 
or Chreen vitriol, FeS 04 -|- 7 H 20 . — This very common, but 
important salt is obtained on a large scale by exposing iVoii- 
pyrites, bisulphuret of iron, FeSs, to the action of air and 
moisture. By absorbing oxygen, the sulphur becomes 
sulphuric acid, and the iron, protoxide of iron, — these 
combined, form protosulphate, or, as it is more simply 
termed, sulphate of iron. As, however, there is a great 
excess of sulphuric acid formed, pieces of old iron are 
added to saturate or neutralize it, and the salt is obtained 
in crystals, on evaporation. 

* These substances are termed alums, although they contaia no 
ilumina, because they are obtained from alum by substitution. 
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23. Sulphate of iron is soluble in about bnce its weight 
of cold water, and has a disagreeable, inky taste; its 
crystals, which are of a green color, effloresce in dry air, 
but oxidize slowly when exposed to moisture, being changed 
on the surface into pertulpkate of iron, and becoming of a 
rusty, reddish color 

24. Sulphate of iron, when moderately heated, loses six 
sevenths of its water of crystallization, and becomes white ; 
if exposed to a greater heat, it becomes nearly anhydrous, 
and when heated to redness it is decomposed, as shewn in 
the process for obtaining Nordhausen, or fuming sulphuric 
acid, Chap, xiv., § 18— 

4 reS 04 +H ,0 -= 2FeA*f 2 S 0 a+HA 2 S 03 . 

Sx, e.— Drop some crystals of protosulphate of iron into strong 
sulphuric acid, or alcohol, they will not be dissolved, but be converted 
into a white powder (anhydrous sulphate of iron), the liquid having 
deprived the salt of its water of crystallization. 

25. Persulphate or 8esqui*siilphateofIron,Fe,3S04; this 
substance, which is a sulphate of the peroxide of iron, is ob- 
tained by oxidizing the protosulphate, as shewn in the last 
two paragraphs ; or, more easily, by adding to a solution of 
the common sulphate, as much sulphuric acid as it already 
contains, heating the mixture to the boiling point, and 
then gradually dropping in nitric acid, so long as it darkens 
the solution. On evaporation, a reddish brown, uncrystal- 
lizable mass is obtained, which slowly dissolves in water. 

Persulphate of iron combines with sulphate of potass, soda, or 
aromonia, forming a substance already noticed as iron-alum, similar 
to common alum, in taste, composition, and form of crystals. 

26. Common sulphate of iron is much used for dyeing 
dark colors, for making ink, and as a tonic in medicine. 

• . •* Whence the French term couperose applied to them, corrupted 
into oqpp^roi,** •-^Brands* 
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Ar. To a solution of sulphate of iron, add some solution of 
nutgalls (or a few drops of the tincture of galls), a bluish-black 
precipitate is formed, a tanno-gallate of the protoxide of iron. If 
this precipitate be held in suspension in the water by means of a little 
gum dissolved in it, we have common ink. 

The color darkens by degrees, in consequence of the peroxidize 
ment of the iron, by the action of the air But ink affords a more 
durable writing when used in the pale state, because its particles are 
then finer, and penetrate the paper more intimately. When ink con 
sists chiefly of tanno-gallate of peroxide of iron, however black, it is 
merely superficial, and is easily erased or effaced, 

Ex. e — Add some hydrochloric acid to the black solution just 
made, the color will disappear ; soluble chloride of iron is formed. 

Ex. f . — Instead of solution of galls, in the last experiment, add a 
little solution of ferro-cyanide of potassium, a blue precipitate will be 
formed (Prussian blue) ; deep blue, if ^persulphate or any jpcrsalt oi 
iron be used, and pale blue, darkening on exposure to the air, if pro-^ 
fosulphate or any /pro/osalt of iron be employed. 

27. Sulphate of Copper, CuSO*, the common blue 
vitriol of commerce, is much used in the arts, for pre- 
cipitation by the electrotype process, and as the source of 
numerous paints and dyes, and in surgery as an external 
caustic application. 

28. Sulphate of copper may be prepared by dissolving 
oxide of copper in sulphuric acid {Chof, xiv. §§ 12, 13) ; 
it is obtained in considerable quantities, and very pure, in 
certain processes for refining gold and silver, termed part- 
ing ; and is manufactured on a large scale by exposing 
sulphuret of copper, copper pyrites, CuS, to the action of 
nir and moisture, the latter process being analogous to that 
already described, § 22, for preparing sulphate or iron. 

Ex. g, — Make a very weak solution of sulphate of copper, and add 
to it liquid ammonia ; it will become of a most beautiful blue color, 
such as we see in the shop windows of the chemists. 

29. Sulphate of Zinc, ZaS 04 \ this substance, for- 
merly called white vitriol, is prepared on a large scale by 
roasting and oxidizing the sulphuret of zinc, zinc blende, 
ZnS ; it is also the residue formed in the usual process foi 
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obtaining hydrogen gas, Chap. v. § 13 . It is very similar 
in appearance to sulphate of magnesium, and is not unfre* 
quently used in medicine as an emetic, and as a cooling 
application in inflammation of the eyes. Like all the 
other salts of zinc, it is poisonous. 

EXERCISES ON CHAPTER XXfX. 

1. What are sulphates, and how may they be formed ^ 

2. How are sulphates naturally formed } 

3. How may a soluble sulphate be recognised } 

4. How may an insoluble sulphate be analysed ? 

5. How are the sulphates affected by heat ? 

6. What effect is produced by heating the sulphates with char- 

coal? 

7. Describe the preparation and uses of sulphate of potass. 

8. How is sulphate of sodium prepared, and for what is it used ! 

9. What is sulphate of barium, and for what is it used ? 

10. M^hat are alabaster ^ gypsum^ selenite^ and plaster of Paris ? 

11. What is the cause of plaster of Paris setimg or hardening ? 

12. What is meant by water being permanently hard ? 

13. Of what use is sulphate of calcium in agriculture ? 

14. State the composition and properties of Epsom salts. 

15. How is sulphate of magnesium generally prepared ? 

lb. How may sulphate of magnesium be obtained from sea-water ^ 

17. How is sulphate of aluminum formed ? 

18. What is common alum, and whence is it obtained ? 

19. Describe the process of the alum manufacture. 

20. State the properties of alum. 

20. For what is alum used P 

21. Describe the different forms of alum. 

22. How is the common or ;?rofo-8ulphat€ of iron obtained P 

23. State the properties of sulphate of iron. 

24. How is sulphate of iron affected by heat ? 

25. What is persulphate of iron ? 

26. For what is sulphate of iron used ? 

27. For what is sulphate of copper employed } 

28. How is sulphate of copper obtained ? 

29. State the mode of preparation and the uses of sulphate of iiiic. 
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CHAPTER XXX. 

NITRATES. 

Nilrfc acid ~ HNO.v 

1 . The Nitrates may be prepared by the direct action 
of nitric acid on the metals, metallic oxides, or metallic 
carbonates ; in the first case with decomposition of the 
acid, (see Chap. viii. § 14) ; and in the last case with evo- 
lution of carbonic acid. 

2. All the nitrates are soluble in water, and they are all 
decomposed by heat and by sulphuric acid. 

The only native nitrates known are those of potassium, sodium, cal- 
cium, and magnesium. 

3. Nitrate of Fotassium, saltpetre^ RNO 3 ; this valuable 
salt is formed naturally in the soil and appears as a sort ot 
efflorescence on its surface, in various hot and dry coun- 
tries, and especially in the East Indies, whence most of the 
saltpetre used in Great Britain is obtained. 

4. In France and other parts of the continent it is pro- 
duced artificially in what are termed nitre-beds. These arc 
heaps of vegetable and animal refuse, mixed with old mor* 
tar, plaster, rubbish, or other calcareous* matter, sheltered 
from the rain, but freely exposed for some time to the 
action of the air. In the gradual putrefaction of the 
animal substances which ensues, their nitrogen combines 
with oxygen and forms nitric acid, this unites with the 
lime and potass present in the heap, forming nitrates of 
calcium and potassium. 

♦ Calcareous, containing lime. 

Q 
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The plaster of old walls frequently contains as much as 5 per cent 
of nitre, which appears to arise from the decomposition of the animal 
matter contained in the mortar. 

The formation of nitric acid, above mentioned, takes place only in 
the presence of alkaline substances. When they are absent, the 
nitrogen passes off combined with hydrogen, forming ammonia, NHs. 

Even in the presence of lime there is reason to believe that ammo- 
nia is first formed, and its constituents afterwards converted into 
nitric acid and water, thus : 

NH 3+40 ^ HNOa-f ILO. 

5. The mixture of nitrates of calcium and potassium ob- 
tained from the nitre-beds is dissolved in water together 
with wood-ashes (carbonate of potassium), whereby the 
former is decomposed, carbonate of calcium being precipi- 
tated, while nitrate of potassium remains in solution. 

Ca 2 N 03 + K,C 03 = CaC0, + 2KN03. 

This solution of nitrate of potassium, as well as that ob- 
tained by the process of lixiviation^ from naturally nitrous 
soils, is then drawn off, evaporated, and crystallized. 

It may be further purified by re-solution and crystalliza- 
tion several times repeated. 

6 . Nitrate of potassium crystallizes in the form of six-sided 
prisms ; is annydrous, colorless, and inodorous ; has a 
cooling saline taste ; and is readily soluble both in hot and 
cold water. At about 616° it fuses without change, and 
cools in a white mass, sometimes cast into cakes or balls, 
{sal prunella). At a higher temperature it is decomposed 
affording abundance of oxygen gas. 

“ One pound of nitre yields about 12,000 cubic inches ot oxygen 
sufficiently pure for many common experiments ; it is, of course, mixed 
vrith a portion of nitrogen.” — Brande. 

Ex. a.— The cold produced by saltpetre mixed with water is very 
great, so that if one part of powdered nitre be mixed with five of 
water, the thermometer which stood at 60® in the water, will sink to 
45' or even lower, in the mixture. 

* Lixiviation is the separation of soluble substances from a mass of 
matter, by pouring water over it, as in obtaining carbonate of potai- 
lium from woud us lies. 
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7, Saltpetre is powerfully antiseptic, that is, it preserves 
animal substances from putrefying, hence it is used with 
common salt, for salting meat, to which it imparts a red- 
dish color. It is the chief source of nitric acid, which is 
obtained from it by the action of sulphuric acid, (see 
Chap, viii. § 21). In medicine it is used in small doses as 
a sedative, but in quantities of more than half an ounce it 
is poisonous. The principal use of saltpetre, however, is 
in the manufacture of gunpowder. 

8. The large quantity of oxygen contained in nitrate of 
potassium, and the readiness with which this salt may be 
decomposed, render it most suitable for rapid and sudden 
combustion, hence it is the chief ingredient in gunpowder 
and fire works. 

Sulphur, phosphorus, carbon, and most of the metals 
when in filings or powder, deflagrate (i.c. burn suddenly 
and vividly) if thrown on red hot nitre, sometimes with a 
considerable explosion. 

Mix together three parts of nitre, two of dry carbonate of 
potassium and one of sulphur. Put a few grains of this powder into a 
ladle, and place it over a fire, so that the powder may heat very gra- 
dnally. It will, in a minute or so, turn black, fuse, emit a faint blue 
fiame, and then explode with a tremendous report. 

Ex, c . — Heat some nitre to redness in a crucible, throw a little sul- 
phur into it, combustion of the sulphur will take place, nitrogen 
escape, and * mixture of sulphate and sulphite of potassium remain. 

Ex. d. — Throw some shreds of phosphorus upon red hot nitre, in- 
stant inflammation will ensue, and a phosphate of potassium be formed 
while a large quantity of nitrogen escapes. 

Ex. e.— A mixture of five grains of powdered nitrate of potassium 
with one grain of phosphorus, will produce a very violent explosion 
when struck on an anvil by a hot hammer. Nitrogen gas, phosphoric 
acid, and phosphate of potassium, are the results of this decomposition. 

Ex. f. — If half an ounce of nitrate of potassium be heated in a cru- 
cible, and a quarter of an ounce of powdered charcoal be thrown into 
it, a brilliant combustion will take place. The new products are car- 
bonate of potassium, which remains in the ciucible, and carbonic acid- 
and nitrogen gases, which escape. 

42 
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9. Ounpowdar is a mechanical mixture of saltpetre, 
charcoal, and sulphur, in different proportions, according 
to the purposes to which it is to be applied. 



Nitre, 

Sulphur. 

Chm e. 

Common powder 

75 


m 

Shooting „ 

78 

10 

12 

Miners' „ 

65 

20 

15 


The larger the proportion of sulphur, the less powerful will be the 
explosion of the powder, and the less will it be injured by damp. 

10. The explosive violence of gunpowder depends upon 
the sudden production of gaseous compounds, which are 
at the same time greatly expanded by the heat evolved. 
The gases given off are carbonic oxide, carbonic acid, 
nitrogen, and sulphurous acid, while the solid matter that 
remains, consists chiefly of sulphuret of potassium, with (oc- 
casionally) sulphate and carbonate of potassium and char- 
coal. 

11. Nitrate of Soda, cubic nitrcy NaNO^ ; this substance 
is known in commerce as Chili saltpetre, large natural beds 
of it having been found in that country. It may be em- 
ployed in many cases instead of nitrate of potassium. 

Professor Proust says, “ that five parts of nitrate of sodium, with one o} 
charcoal, and one of sulphur, will bum three times as long as common 
powder, so as to form an economical composition for fireworks. It, 
iiowever, gets damp by exposure to the air, which the compositions of 
saltpetre do not, if the salt be pure.” 

1 2. Nitrate of Calcium, Ca2NOs; this substance abounds 
in old mortar and plaster walls, and is formed in the nitre- 
beds, as already mentioned. It deliquesces on exposure to 
the air. No use is made of it except in the manufacture 
of saltpetre, § 5. 

13. Nitrate of Ammonium, (NH 4 )N 03 , is a deliques- 
cent salt, very soluble in water, prepared by neutralizing 
dilute nitric acid with carbonate of ammonium and evapo- 
rating the solution. When carefully heated to between 
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400® and 500®, it is decomposed into protoxide of nitrogen 
(laughing gas), and water. (See Chap, VIII. ^ § 11.) 

N,0 + 2H,0. 

At 600® it explodes with considerable violence. 

14>. Nitrate of Silver, lunar caustic, AgNOs, is easily 
prepared by dissolving silver in dilute nitric acid; the 
solution, if pure, is perfectly transparent and colorless; 
white, anhydrous crystals, in the form of thin plates, may 
be obtained by evaporation. 

15. Nitrate of silver fuses at 426®, and may be cast into 
small, cylindrical (pencil-like) sticks ; in this form it is 
used by surgeons as an external application, to cauterize 
or burn away diseased flesh, warts, &c. At 700° it is de- 
composed into oxygen, nitrous acid and metallic silver. 

Ex, g, — Throw a few crystals of nitrate of silver on red-hot chik- 
coal, they will be decomposed, light and heat will be evolved, and the 
charcoal covered with spangles of metallic silver. 

16. The nitrate (like the other salts of silver) is decom- 
posed and blackened on exposure to light, and is no longer 
perfectly soluble in water. When in contact with organic 
substances it communicates to them, after a short time, a 
deep purple or black tint. This blackening is due to the 
separation of finely divided metallic silver, while the caustic 
effect of the salt is produced by the nitric acid. 

17. This tendency of nitrate of silver to become black 
when exposed to light, occasions it to be much used for 
marking linen, for dyeing the hair, and especially for pho- 
tographic purposes. 

Ex. h , — Dissolve a little nitrate of silver in a wine-glass full of 
water, and immerse in it a slip of bright, clean, copper. Decompo- 
sition will take place, the copper unites with the nitric acid forming 
nitrate of copper, and the silver will be precipitated. 

2AgN034-Cu = Cu2N03-h2Ag. 

Ex. I.— A still more beautiful effect takes place when several drops 
of a solution of nitrate of silver are let fall on a plate of polished c<^ 
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per. Here, iu a verjr abort time, a brilliant precipitation of metaliis 
•ilver will take place, in an arborescent or branching form. 

Ex. Ar.— Immerse a piece of white silk ribbon in a solution of nitrate 
of silver, and while wet expose it to a stream of hydrogen gas ; it will 
at first be blackened, and afterwards become silvered by the reduction 
of the metal. Ivory, marble, and other bodies may be stained black, 
or even silvered, by moistening them with nitrate of silver, and ex> 
posing them to the full power of the sun*s rays, h two or three coat- 
ings be applied, and the articles polished, when dry, with a piece of 
leather, they will have the appearance of silver. 

Ex. L — Nitrate of silver, like the nitrates of potassium, &c., explodes 
with charcoal, sulphur, or phosphorus, when struck with a hot ham- 
mer. N.B. Very small quantities of the substances should be em- 
ployed, and great caution exercised. 

18. Nitrates of Mercury. There are several nitrates of 
mercury ; they are of little use, and their true composition 
is not well ascertained. The Protonitrate of Mercury, 
(nitrate of the protoxide), HgNO^, is valuable as a chemi- 
cal test. 

19. Nitrate of Copper, Cu2N03, is prepared by the 
actiou of nitric acid upon copper, (see Chup» Fill., § 14.) 
Its crystals are of a deep blue color, very deliquescent and 
soluble ; when heated to redness, they yield protoxide of 
copper, CuO. 

Ex. m, — Wrap some crystals of nitrate of copper in tinfoil; while 
dry, no chemical action takes place, but moisten thein with a drop of 
water, and soon heat will be evolved and sparks of fire flash out. 

20 . Nitrate of Barium, Ba 2 NOj; and Nitrate of 
Strontium, Sr2N03. — These salts are not much used ex- 
cept in the manufacture of coloured fires. The salts of 
barium give a green, and the salts of strontium, a red colour 
to flame. Nitrate of barium is sometimes used as a test 
for sulphuric acid. 

Ex. n . — Red Fire. Take 40 parts of dried nitrate of strontium, 13 
of sulphur, 4 of sulphuret of antimony, and 5 of chlorate of potassium. 

Ex. 0 . — Greer. Fire. Use 77 parts of dried nitrate of barium in tht 
preceding, instead of nitrate of strontium. 
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EXERCISES ON CHAPTER XXX. 

1. How may the nitrates be prepared ? 

2. State some general characteristics of the nitrates. 

3. Where is nitrate of potassium found native? 

4. What are nitre beds ? 

5. How is nitrate of potassium obtained from the nitre beds f 

6. State some of the properties of nitrate of potassium. 

7. Name some of the chief uses of nitrate of potassium. 

8. Why is nitre adapted for fire-works, &c. ? 

9. What is gunpowder ? 

10. How may the explosive force of gunpowder be accounted for^ 

11. Whence is nitrate of sodium obtained? 

12. How is nitrate of calcium obtained ? 

13. State some of the properties of nitrate of ammonium. 

14. How is nitrate of silver obtained ? 

15. How is nitrate of silver affected by heat ? 

16. How is nitrate of silver affected by light and organic matter? 

17. What are the chief uses of nitrate of silver? 

18. Give the formula of protonitrate of mercury, and state its uses. 

19. What is nitrate of copper ? 

20. For what are the nitrates of barium and strontium employed ? 


CHAPTER XXXI. 

PHOSPHATES, CHLORATES, ETO. 

1. Three different forms of phosphoric acid exist : — 
Phosphoric Acid (tribasic) . . = H3PO4. 
Psrrophosphoric Acid (dibasic) . = 
Uetaphosphoric „ (monobasic) == HPO,. 

The phosphates, with the exception of those of the alka- 
lies, are but sparingly soluble in pure water ; they are all 
dissolved, without effervescence, in an excess of phosphoric 
or nitric acid. 

2 . Ehombic Phosphate of Sodium, Na2HP04 -f- 12HoO, is a 
tribasic phosphate, having an alkaline reaction ; it is occa- 
sionally used in medicine as a purgative (sal perlatuni), and 
in chemistry as a re-agent for procuring the other phosphates. 
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3 . If common or caustic soda be added to a solution of 
the rhombic phosphate of sodium, the atom of replaceable 
hydrogen in each atom of the phosphate will be replaced by 
•odium, and a neutral phosphate of sodium, NajP04, some- 
times termed Subpliosphate of Sodium, will be obtained. 

4 . If phosphoric acid be added to a solution of the com- 
mon or rhombic phosphate of sodium, a Superphosphate 
or Acid Phosphate or Sodium, will be formed, NaH2P04. 

5 . By strongly heating the common phosphate of so- 
dium, all the water is expelled, and Pyrophosphate of So- 
dium, Na4P207, remains ; for Na^PaO; == 2Na3HP04 — HjO. 
An acid pyrophosphate of sodium is also known, having 
the composition, NajHaPaO;. 

6 . When either superphosphate of sodium, or micro- 
cosmic salt, is strongly heated, water, or water and ammo- 
nia are driven off, and a monobasic phosphate remains, 
termed the Meta-phosphate of Sodium, having the com- 
position, NaPOg. 

Ex, a. — The tribasic phosphates of soda give a bright yellow pre- 
cipitate when added to a solution of nitrate of silver. The monobasic 
and dibasic phosphates give a white one. 

7 . Microcosmic Salt is a double phosphate of sodium and 
ammonium, Na(NH4)HP04-f4H20, much employed as a Jinx 
in blowpipe experiments. Both the ammonia and water 
are driven off by heat, and a very soluble and fusible glassy 
substance (metaphosphate of sodium) is left. 

8 . The phosphates of sodium are instances of the forma- 
tion of different substances by substitution or replacement, 
•8 in the following series of tribasic phosphates, in which 
either one, two, or three of the atoms of hydrogen in the 
acid, may be replaced by one, two, or three atoms of another 
metal : thus — 

Subpliosphate of Sodium = Na,Na,Na, \ 
Ehombic Phosphate „ Na,Na,H, I 
Superphosphate „ = Na,H,H, i 

Microcosmic Salt = Na,(NH4)H, ) 



■PHOSPHATES. 


233 


Similarly,— 

Pyrophosphate of Sodium, (a) = Na2,Na>, ) 

„ „ „ (^) = Na,,H,. 

9. Phosphate of Calci'um exists in several forms corre* 
sponding to the phosphates of soda already named. The 
most important of these is the hone-earth phosphate, 
Ca32P04, so termed from its being the principal mineral 
ingredient in bones (see Chaj^, XV. §§ 5, 6): it is obtained 
by heating the bones of animals till all the organic matter 
is dispelled. 

10. Since the bones and flesh of animals contain various 
phosphates, these must be supplied by the food on which 
they live. They are, therefore, found in large quantities in 
the grain and seeds of plants. Every crop removes some 
of the phosphates from the soil, and will thus diminish its 
productiveness. Hence burnt bones are valuable as a ma- 
nure, for they restore to land those earthy phosphates 
which are indispensable to first-rate crops of grain. 

“ Phosphate of calcium is essential to the healthful growth of corn ; 
a soil may be apparently rich, and produce abundance of straw, but if 
phosphoric acid and lime be deficient, the wheat will be light and 
small.'’ 

11. Phosphate of calcium occurs native in the minerals 

apatite and phosphorite. Massive beds of it are found 
at Estremadura in Spain, and also in the United States. 
It forms the burnt hartshorn of the druggist, and is used 
for absorbing grease from cloth, for making (see 

Chap, XXVL § 20), and for preparing phosphorus. 

12. The Chlorates, MCIO3, very much resemble the ni- 
trates ; they deflagrate, however, with greater violence, 
when mixed with inflammable substances. They are de- 
composed by a red heat, nearly all of them being resolved 
into metallic chlorides, and evolving pure oxygen gas. 

MCIO3 = MCI +30. 
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13. Chlorate of Potassium, KClOs. — ^Tliis iutercBting salt 

may be prepared by passing 
n current of chlorine gas 
through a solution either of 
potassium, or of carbonate 
of potassium^ till the gas 
ceases to be absorbed. The 
liquid which contains both 
chlorate and chloride of 
potassium may be partially 
evaporated and allowed to 
cool, when crystals of chlo- 
rate of potassium will be deposited ; by further evapora- 
tion and cooling, crystals of the more soluble chloride of 
potassium may be obtained. 

In this process six atoms of chlorine act on six atoms of 
potassium, thus, — 

6CI+3K.O = 5KCl-f KClOa. 

Any free chlorine is expelled from the solution by heat. 

If carbonate of potassium be used instead of caustic po- 
tass, the carbonic acid is displaced with effervescence. 

3K2CO3+6CI = 5KCI + KCIO3+3CO2. 

14. Chlorate of potassium crystallizes in anhydrous four 
and six-sided scales, of a pearly lustre, soluble in twenty 
parts by weight of cold, and two of boiling water. It 
is much used for forming lucifer matches, which may he 
distinguished from simple phosphorus matches by the 
crackling noise they make when rubbed. 

Ex. h . — See Ex.f-y page G4. 

Ex. c . — Rub together in a dry mortar one grain of chlorate of 
potmsium and half a grain of sulphur— a succession of explosions, 
like che cracking of a whip, will take place, accompanied with a pur- 
plUh light. 

tx. d , — Mix carefully together two grains of chlorate of potassium 
and one of sulphur ; wrap the mixture in a piece of strong paper, and 
•trike it with a hammer on a stone or anvil ; a loud report will bt 
instantly produced. 
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Ex, Mix together equal weights of chlorate of potasaium and 
loaf sugar, both previously reduced to powder ; place the mixture on 
a tile or platcy and let fall on it from a tube or rod, a single drop oi 
strong sulphuric acid ; a sudden and violent combustion will ensue. 

Ex.f,-^Put into a tall, narrow glass of water a little chlorate of po* 
tassium and a few shreds of phosphorus, and then, by means of a long 
dropping tube or funnel, pour to the bottom a few drops of strong 
sulphuric acid ; violent action ensues, and the phosphorus burns under 
the water, the combustion being supported by the chlorine and gaseous 
compounds of chlorine and oxygen evolved by the decomposition of 
the salt. 

N.B. Chlorate of potassium roust never be kept ready mixed with 
inflammable bodies, for such mixtures sometimes explode spontane- 
ously. In all experiments with these substances, only verj/ small guan - 
tities should be used, and great caution must be exercised. 

15, Biborate of Sodium, borax, Na 2 B 40 ;-f lOIL O. — Tln« 
substance occurs in the waters of certain shallow lakes in 
Persia, India, and Thibet, and forms an incrustation on 
their banks. In its impure state it is imported into 
England under the name of tincaL 

16, Borax crystallizes in six-sided prisms, which efflo- 
resce in dry air ; it is soluble in about twenty times its 
weight of cold water. When heated, it swells up, owing 
to the escape of the water of crystallization, and becomes 
anhydrous ; at a higher temperature it fuses, and on 
cooling forms a transparent glass. Its chief use is as a 
flitx, and for soldering metals. 

17, The object of employing borax in soldering, is to 
keep the metallic surfaces clean j this it does by dissolving 
the coating of oxide, and forming with it a glass whicii ia 
fluid at a high temperature, and easily moved aside by the 
melted solder. 

Borax is also much used as a flux in blowpipe analysis, 
owing to its forming colored glasses with various metallic 
oxides. 

— Place a fragment of borax on a piece of charcoal, and heat 
it by the blow-pipe flame till it ceases to swell out, and has become 
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anhydrous ; drop on it a little nitrate of cobalt, and then fuse it 
a^fnin, a blue glass will be the result. Oxide of silver similarly treated 
^ves an opaque milk-wliite glass ; oxide of manganese, a violet $ ox- 
ide of nickel, an orange-red ; &c. 

^ Ex. h . — Dissolve some borax in hot water, soak some paper, or 
pieces of rag in the solution, and let them dry. It will be impos- 
sible to inflame them, though they will gradually burn away. 

18 . The Silicates, or compounds of silica with various 
bases, M4Si04, form a large class of compounds, for the 
most part insoluble in water, and variously colored. They 
make up a very considerable portion of the earth’s crust. 
The different kinds of glass and imitation jewels are arti- 
ficial silicates. 

19 . Talc, French chalk, and soapstone, are silicates of 
magnesia, Mg2Si04. 

Serpentine is a double silicate of magnesia and iron, 
MgFeSi04. 

Clay is Silicate of Alumina, Al43Si04, combined with 
more or less oxide of iron. 

The several varieties of Feldspar consist of silicate of 
alumina, combined with silicate of potass, soda, &c. 

Al48Si04-fK4Si04; or, AlKSi04.* 

Sec also Chap. XVJII. § 8. and Chap. XXJI. §§ 6, 7. 

20 . Silicate of potassium and sodium form a soluble 
glass {Chap. XVIL § 10 ). 

Common window glass is a silicate of sodium and calcium. 

Crown glass and plate glass are silicates of potassium 
and calcium. 

Flint glass is a silicate of potassium and lead. 

Bottle glass is a silicate of aluminum, iron, and potas- 
sium or sodium, the colour being due to the impurities of 
the materials. 

Various metallic oxides are added to the melted silicates, 
to produce glass of different colours. 

* If silicic acid be taken as dibasic (HsSiOs) these formula will be< 

Jd^SiOs ; MgSiOs { MgFe 2 Si 03 ; AhSSiOa ; Al^SSiOs + KjSiOs, 
or AlK2SiO,. 
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21. The Chromates, M 2 C 0 O 4 , present a great Tariety of 
beautiful colours, and are therefore much used as dyes and 
pigments, or as tests. They are, for the most part, inso- 
luble in water. 

22 . Chromate of Potassium, K3Cr04, is a valuable salt, 
by means of which most of the other chromates may be 
prepared. It forms crystals of a beautiful yellow colour, 
soluble in about twice their weight of water at 60 ^. When 
strongly heated, it acquires a red colour, but becomes yel- 
low again on cooling. When fused it loses oxygen, and 
becomes green ; green oxide of chromium being formed, 

CrA. 

23 . Chromate of potassium is prepared from chrome-iron 
ore, (a native compound of seaqui-oxide of chromium and 
protoxide of iron, CrA + FeO), by strongly heating it either 
in a crucible, or a reverberatory furnace, with about one- 
fourth its weight of nitrate of potassium, and then dissolving 
out the soluble matter by means of wat.^r. The solution 
yields, by evaporation, anhydrous crystals of chromate of 
potassium, which are isomorphous with those of sulphate 
of potassium. 

In the above process, the nitrate of potassium is decom- 
posed, giving a portion of its oxygen to each of the metal- 
lic oxides, whereby the protoxide of iron, FeO, becomes- 
the per- or se^gwi-oxide, FeaOs ; while the sesqui oxide of 
chromium, CraOj, becomes chromic acid, H20rO4, which 
immediately combines with the potassium to form chro* 
mate of potassium, K2Cr04. 

" 24 . Bichromate of Potass, K2Cr.07, is obtained by re- 

moving half the potassium of the neutral chromate, by the 
action of sulphuric, nitric, or acetic acid : thus, — 

2(K2Cr04)-f H 2 SO 4 = KaSO.-f K.,CrA+HA 

If sulphuric acid be used, the sulphate of potassium formed is not 
readily separated from the biclu’omate. Tiie purest bichromate of 
potassium is obtained by using acetic acid. 
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25. Bichromate of Potassium is much employed in dye- 
ing and calico printing. It forms beautiful red crystals, 
soluble in 10 parts of water at 60®. At a red heat it fuses 
without decomposition, but at a white heat, half the acid is 
decomposed, oxygen is evolved, and a mixture of sesquU 
oxide of chromium and neutral chromate of potass re- 
mains : — 

2(KXrA-) =- CrA + 2(K2Cr04)-f30. 

26. Chromate of Lead, Chrome yellow, PbCr 04 .— This 
substance, which is much used by dyers and painters, is 
formed by adding a solution of chromate or bichromate of 
potass to one of acetate or nitrate of lead. It is insoluble 
in water, but soluble in nitric acid or in potass. 

When chromate of lead is boiled with caustic potass or 
lime water, one-half the acid is withdrawn, and an orange- 
coloured subchromate of lead remains, 2PbCrO| (chrome 
orange). 

2 (PbCr 04 )-hKA = KXr 04 -f 2 PbCr 0 ,. 

When chromate of lead is gradually added to saltpetre 
in a state of fusion, at a gentle heat, a beautiful red sub- 
chromate is formed, termed chrome red. 

Ex. f . — Dip some pieces of wliite linen or paper in acetate of lead 
And allow them to dry ; tlien dip them in a solution of chromate of 
potassium ; they will be dyed yellow ; pass them into some boiling 
lime water, they will become orange-coloured. 

Ex, k, — Prepare a series of glasses containing solutions of various 
metallic salts in distilled water; add to each a few drops of solution 
of chromate of potassium, and notice the colours of the precipitates 
formed, which will be chromates of the several metals. 

27. Arsenite of Potassium, KjAsOg, is formed by boil- 
ing arsenious acid (common white arsenic) in water, with 
an equal weight of carbonate of potassiunn 

The alkaline arsenites are soluble and uncrystallizable. 

28. Arsenite of Copper, CuHAsOg. — This beautiful 
green powder, known as Scheele's green, is the precipitate 
formed by adding arsenite of potassium to sulphate of copper. 
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Ex. /. — Add a few drops of a solution of arsenious acid to a small 
quantity of a solution of the sulphate, nitrate, or acetate of copper. 
The liquid remains quite transparent and colourless, the arsenious 
acid not having;; so great an affinity for the oxide of copper as the acid 
vdth which it is already combined. If a small quantity of an alka- 
line solution (potass or its carbonate) be now added, the alkali will 
unite with the acid of tlie salt employed, and remain in solution, and 
the arsenious acid combining with the oxide of copper, will form ar- 
senite of copper, which is insoluble in water, and is precipitated of 
a grass-green colour, 

29. The other metallic arsenites may be formed by 
double decomposition, in a similar manner to arsenite of 
copper. 

Arsenite of Silver, AgaAsO^, is white, quickly changing 
to yellow, and finally to brown. 

Ex. m . — See Ex. A, Chap. A'A'T. 

30. Arseniate of Potassium, KiHAs 04 , is formed by 
adding arsenic acid to carbonate of potass ; it is uncrystal- 
lizable and deliquescent. 

If the arsenic acid be in excess, a Binarseniate af Po- 
tassium, KH A804, will be formed, which crystallizes on 
evaporation, and can thus be separated from the former. 

Arsenic acid, heated in earthenware tubes, &c., soon cor- 
rodes them by its action on the alumina with which it com- 
bines, forming Arseniate of Aluminum. 

31. Many of the arsenites and arseniates are found 
native in various metallic ores. 

The precipitate of Arseniate of Silver, Ag3A804, formed 
by adding arseniate of potassium to nitrate of silver, is 
liighly characteristic of arsen/c acid, being red, while the 
arsenite of silver is yellow. 

Ex. n. — Add arseniate of potassium to a solution of the nitrate of 
silver. The arseniate of the metal will be tlirowii down as an inso- 
luble powder of a brick-red colour. 

32. The arseniates and arsenites may be recognised by 
the garlic-like odour they give off when heated in a tube 
with charcoal. 

The arsenites when heated alone, generally lose part of 



240 


CHEMISTET. 


tbeir acid, which sublimes ; the arseniates^ under the same 
circumstances, mostly retain their acid. 

The arsenites when dissolved in dilute hydrochloric acid, 
give a yellow cloud of sulphuret of arsenic with sulphu« 
retted hydrogen, but the arseniates do not. 

EXERCISES ON CHAPTER XXXL 

1. How are the phosphat-es divided ? 

2. What is phosphate of sodium ? 

3. How may sub-phosphate of sodium be obtained P 

4. How may acid-phosphato of sodium be obtained ? 

5. How may pyro-phosphate of sodium bo obtained P 

6. How may meta-phosphate of sodium be obtained ? 

7. What is microcosmic salt ? 

8. Illustrate the theory of replacement or substitution. 

9. What is phosphate of calcium ? 

10. Wljy are burnt bones useful as manure ? 

11. Where is phosphate of lime found native? For what is it usodP 

12. State some general properties of the chlorates. 

13. How is chlorate of potassium prepared ? 

14. What are the nature and properties of chlorate of potassium P 

15. Whence is borax obtained? 

16. What arc tlie properties of borax ? 

17. For what is borax used ? 

18. Describe tlie silicates. 

19. State the composition of talc, serpentine, clay, feldspar, and 

granite. 

20. Name and give the composition of some artificial silicates. 

21. Wliy are the chromates valuable ? 

22. Describe the chromate of potassium. 

23. How IS chromate of potassium prepared ? 

24. What are the characteristics and uses of bichromate of potas- 

sium ? 

25. How is bichromate of potassium prepared ? 

26. What are chrome-yellow j orange-chrome, and chrome-red, and 

how may they be formed ? 

27. What is arsenilo of potassium ? 

28. Wliat is Scheele's green 7 

29. How may the arseniates be formed ? 

30. Give the composition of arseniate and binarseniate of potassium* 

31. State a characteristic test of arsenic acid. 

82. How may the arseiiites and arseniates be recognised and dis- 
tinguished ? 
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CHAPTER XXXII. 

HALOID SALTS. 

CHLOBIDES. 

1. The Chlorides may be formed, either by the direct 
anion of their elements (a), or by the action of hydrochlo- 
ric acid on a metal (b), or metallic oxide (c), the hydrogen 
of the acid being replaced by its equivalent of metal. 

(а) . As in the combustion of antimony, Chap. xvi. Ex. g. 

Sb + 3C1 = SbCh. 

(б) . As when zinc is added to strong hydrochloric acid, 

and hydrogen gas is given off. Zu-f 211C1 = 
ZiiCl.-f2H. 

(c). As when common salt is formed by adding hydro- 
chloric acid to soda decomposition). 

Na,0+2HC1 == 2NaCl + H,0. 

2. The attraction of chlorine for metals is greater than 
that of oxygen ; hence when a metallic f xide is heated in 
chlorine, oxygen gas is evolved, and a chloride formed. 

All the metals unite with chlorine, some at common 
temperatures, others when more or less heated ; some very 
slowly, others with great energy and rapidity. Minute 
division accelerates the combination. 

Ex, a. — Perform Ex. g.^ Chap. xvi. 

3. Most of the metallic chlorides are soluble in water, 
and may be readily crystallized; some are wholly insoluble, 
while others exist only in the liquid state. 

The insoluble chlorides may be obtained by adding a 
soluble chloride to the soluble metallic salts. 

Ex. b, — Add a drop of nitrate of silver to a clear solution of com- 
mon salt, a milkiness will instantly appear, owing to the formation of 
the insoluble chloride of silver. 

AgNO,-f NaCl = NaN 03 -hAgCl. 

Hence nitrate of silver is an excellent test for hydro- 
chloric acid. 
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4 . The chlorides may, for the moat part, be decomposed 
by hydrogen at a red heat, hydrochloric acid being formed, 
and the metal reduced. The noble metals may be reduced 
from their chlorides by heat alone. 

The chlorides may likewise be decomposed by the action 
of a strong acid, as the sulphuric, (see the mode of obtain- 
ing hydrochloric acid, Chap, xvi. § 14,) or by a metal 
which has a greater affinity for chlorine than the one with 
which tliat element is already in combination : thus chlo- 
ride of silver is decomposed by zinc, &c. 

5. Chloride of Sodium, common salt, NaCl. — This sub- 
stance is found, partly in the solid form, as rock-salt, and 
partly dissolved in the waters of saline springs, but most 
abundantly in sea water. 

Sea water contains on an average about per cent, of 
salt. Its nauseous, bitter taste arises from the salts of 

mayiu'^MDn wliicli exist in it. 

6. Immense quantities of salt are obtained by evaporating 
the waters of the ocean, or of brine springs, either by ex- 
posure to the sun and air, or more generally, by artificial 
heat. 

The salt separates in crystals, while the impurities re- 
main in the small portion of liquid which is not evaporated, 
{mother -water). 

7. Rock-salt is found in beds of great thickness, in 
Cheshire, Gloucestershire, Staffordshire, Spain, Poland, 
and many other parts of the world. To purify it for gene- 
ral use, it is dissolved in water, and the solution evaporated 
and crystallized, as already described. 

8. Chloride of sodium is colorless, inodorous, transpa- 
rent, and brittle; its specific gravity is about 2,125; it 
crystallizes in anhydrous cubes, which are deliquescent in 
moist air.^ Contrary to the general rule, salt is just as 

* When perfectly pure, chloride of sodium is unaltered by exposure 
to the air ; but it is generally more or less deliquescent, from contain* 
ing chlorides of magnesium and calcium. 
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soluble in cold as in boiling water ; in fact, water at 32^ 
dissolves rather more than water at 60^. It is insoluble 
in alcohol. Chloride of sodium fuses at a red heat, without 
decomposition, and at a still higher temperature it is sub- 
limed. 

Ex, e, — Mix together equal parts of snow and salt. The two will 
unite and form a liquid — colder than either of the two before mixing. 
A still greater degree of cold would be produced by using chloride of 
potassium instead of salt. 

9. Salt exists in small quantities in many plants, and is 
hence sometimes useful as a manure. It also exists in 
animal bodies and in the blood, and forms an indispen- 
sable constituent of the food of man and of most animals. 

Salt is used for packing and preserving meat, os il 
retards or prevents putrefaction. It is also employed in 
the preparation of chlorine, hydrochloric acid, carbonate 
of sodium, chloride of ammonium, and several other salts. 

10. Chloride of Potassium, KCl, waF. formerly used in 
medicine ; it is one of the constituents of sea water, and 
may be formed artificially, either by heating potassium in 
chlorine or in gaseous hydrochloric acid, or by dissolving 
potass (or its carbonate) in that acid. 

Chloride of potassium is the substance left in the retort 
when oxygen is prepared from chlorate of potassium. Chap, 
iv. § 6. It is also obtained in considerable quantities as a 
residue in several chemical manufactures, especially in that 
of the salt last mentioned. It is sometimes used in alum- 
making. 

1 1 . When chlorine gas is passed through a solution of 
potass (or its carbonate), a part of the potass is decom- 
posed; its potassium combines with chlorine, forming 
chloride of potassium, while its oxygen combines with 
another portion of the chlorine, forming chloric acid ; this 
unites with the undecomposed potass, and forms chlorate 
of potassium. 

The chlorate of potassium may be readily separated by 

E ^ 
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crystallization, while the chloride of potassium which re- 
mains in the mother liquor may be obtained pure by era- 
poration to dryness and exposure to a dull red heat. 

6C1+6KHO = KC10,-f 3 H 3 O-I- 5 KCI. 

Em, d. — Add 1 oz. of the powdered chloride of potassium to 4 oz. of 
water; etir them together, and a great degree of cold will be produced, 
equal to about 8 times as great a reduction as with common salt. 

12. Chloride of Ammonium, sal-ammoniac, NH4CI, was 
formerly obtained from Egypt, where it was prepared by 
the distillation or rather sublimation of camels* dung. 
Pliny says the ancients called it sal-ammoniacum, because 
it was found near the temple of Jupiter Ammon, in Libya. 
It often occurs native in the neigbourhood of volcanoes, as 
in the Solfatara, near Naples, among the lava of Etna, and 
in the country of Bokhara. 

13. Chloride of ammonium is now prepared on a large 
scale, by saturating with hydrochloric acid the ammoniacal 
liquid produced in the manufacture of coal gas, or during 
the distillation of bones and other refuse, in the prepara- 
tion of animal charcoal. The acid neutralizes the free 
alkali and decomposes the carbonate and sulphide of am- 
monium, with evolution of carbonic acid and sulphuretted 
liydrogen in the form of gas. The solution is then evapo- 
rated to dryness, and the salt purified by sublimation. 

(NH,),H,04-HC1 = (NH4)C1+HA 
(NHOHS-f-HCl = (NH^Cl-hH.S. 
(NHOHCOj+HCl = (NHOCl+H.O-f CO,. 

14. Chloride of ammonium is likewise largely prepared 
by decomposing sulphate of ammonium by common salt, 
thus— 

(NH 4 ),S 04 4-2NaCl = Na,S 04 -f 2(NH4)C1. 

The sulphate of ammonia used in this process is ob* 
tained by adding sulphuric acid to the ammoniacal liquid 
mentioned in § 13, and purifying the product. 
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1 5. Sal-ammoniac is a white salt, having a sharp saline 
taste ; it is soluble in water, and crystallises in anhydrous 
cubes or octohedra ; it may be sublimed without decompo* 
sition, and when sublimed is tough, hbrous, and difficult 
to be powdered. 

It is used in various processes of metallurgy,* as, for 
instance, in tinning, to prevent the oxidation of the sur- 
face of the copper; it is also employed in dyeing and 
medicine, as well as in many other arts. 

Aqua regiuy which is used as a solvent for gold, is often 
formed by adding nitric acid to this salt, instead of by 
directly mixing the nitric and hydrochloric acids. 

Ex. e. — See Ex, rf., Chap, xxiv. 

16. Chloride of Calcium, CaCl,, is found in sea- water, 
and in some saline springs and mineral waters. It is formed 
by heating lime in chlorine, or by dissolving carbonate of 
calcium in hydrochloric acid. It is also a by-product in 
several chemical manufactures, as for instance in that of 
carbonate of ammonium, which is made by subliming a 
mixture of sal-ammoniac and chalk ; Chap, xxviii., § 14. 


17. Chloride of calcium has a strong attraction for water, 
being one of the most deliquescent salts known. Its taste 
is bitter and disagreeable. It is soluble in alcohol, and 
much heat is evolved during the solution. When fused it 
has phosphorescent properties, and has been termed Hom- 
berg’s phosphorus, since he first observed them. Owing 
to its affinity for water, fused chloride of calcium is largely 
used for drying gases. 

Ex. f — Put half an ounce of chloride of calcium, with the same 
quantity of acetate of lead, or nitrate of sodium, ioto a mortar — rub 
them together. These salts will part with their water of crystallization, 
and become fluid. 

18. There is a substance commonly sold under the 
name of ** chloride of lime,” which is valuable as a 

* Metallurgy =tbe art of working metals. 
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bleacliiiig powder and a disinfectant^ Tiie name, chlo- 
ride of lime,” is incorrect, as chlorine, a simple bc^y, can- 
not combine with lime, which is a compound one. It may 
be more correctly regarded as a hypochlorite of calcium, or 
rather as a mixture of chloride of calcium, hypochlorite of 
calcium, and lime still uncombined. It is a white powder, 
somewhat soluble in water, and having an odour similar to 
that of chlorine. 

19. H 3 rpochlorit 6 of Calcium is. formed by passing 
chlorine gas through a mixture of lime and water (/me 
white). The chlorine combines with both constituents of 
the lime, forming with the metal, chloride of calcium ; and 
with the oxygen, hypochlorous acid. This acid combines 
with another portion of the lime, and forms hypochlorite of 
calcium. 

2CaHA+4Cl = UaCl3-fCa2C10-|-2H,0. 

20. The solution of so-called chloride of lime has in 
itself very slight bleaching properties, and these principally 
through the action of the carbonic acid of the air, which 
displaces the chlorine. The bleaching effect is instantly 
produced by a drop or two of one of the stronger acids, 
owing to their immediate combination with the lime and 
the liberation of chlorine. (See Chap, xvi. §§ 11, 12.) 

Mx. g. — Put a few drops of a solution of indigo into a clear solution 
of the chloride of lime, and add a very little hydrochloric or nitric 
acid; the color of the indigo will be immediately destroyed. The 
same may be tried with the solution of any other animal or vegetable 
coloring matter 

Ex, h, — See Ex, i., page 113. 

Ex. •*. — Dip a strip of red calico alternately in a solution of hypo- 
chlorite of lime, and in some slightly acid water. Chlorine will be 
set free in the fibres of the cloth, and the color will be very speedily 
discharged. 

Stains from port wine, fruit juice, ink,&c. may be readily removed from 
linen or cotton in this way, without injuring the material, if dilute 
solutions only be used, and sufficient time be allowed. 

21. Chloride of Barium, BaCl,, is a greyish white salt, 
soluble in water, but insoluble in alcohol. It is much used 
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M a teat for snlphuric acid, with which it forms an inso- 
luble white precipitate of suJphate of barium. It may be 
obtained in an anhydrous state, by dissolving native 
carbonate of barium in hydrochloric acid, evaporating 
the solution to dryness, and fusing the residue iu a covered 
platinum crucible. If the solution be only partially evapo- 
rated, and left to cool, colorless, transparent crystals will 
be deposited, containing two equivalents of water, BaCla+ 
2H(0. 

22. Chloride of Magneunm, MgCl„ is the principal in- 
gredient in the liquid which remains after the crystalliza* 
tion of common salt from sea-water. It is extremely 
deliquescent, very soluble in water and alcohol, and has a 
nauseous, bitter taste. It cannot be obtained by evaporat- 
ing its aqueous solution to dryness, for the last portions 
of water are decomposed by the concurrent attraction of 
chlorine for hydrogen and of magnesium for oxygen, so 
that hydrochloric acid is given off and magnesia alone 
remains. 

MgCl,-f-H,0 = MgO-f 2HCI. 

If, however, equal parts of hydrochloric acid be neutralized, one 
with magnesia and the other with ammonia, and the hydrated chloride 
of magnesium and chloride of ammonium so formed be evaporated to 
dryness, and raised to a red heat, the water is driven off, the chloride 
of ammonium sublimes, and chloride of magnesium remains in a fused 
state. 

23. Chloride of Zinc, ZnCl„ is readily prepared by die- 
solving the metal in hydrochloric acid. It is deliquescent 
and soluble both in water and alcohoL Its aqueous solu- 
tion, known as Sir W. Burnef s disinfecting solution y is much 
used as an antiseptic and a disinfectanty since it arrests the 
decay of organic matter, and decomposes sulphuretted 
hydrogen and sulphide of ammonium. 

24. Protochloride, or Dichloride of Tin, SnCh, called in 
commerce, tin-saltSy is a grey, semi-transparent, crystalline 
substance. It is used as a test for mercury and gold, these 
metals being precipitated by it in a state of minute division* 
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Chloride, orPerchloride of Tin, SnC^, iht faming liquor 
of Libavius, is a transparent, colourless liquid, prepared by 
heating bichloride of mercury and powdered tin in a retor^ 
and condensing the vapours that arise. A solution of this 
substance is much used in dyeing as a mordant, for fixing 
colours on cloth, &c. 

iSv. it. — Place a slip of clean zinc in a solution of perchloride of tin, 
decomposition ensues, the chlorine unites with the zinc, forming 
chloride of zinc, while metallic tin is precipitated. 

25. Chloride of Copper, CuClt, is formed by dissolving 
the protoxide of copper in hydrochloric acid. It forms 
green crystals, soluble in water and alcohol ; the alcoholic 
solution burning with a green flame. When heated, it parts 
with half its chlorine, and becomes — 

Sub-ohloride of Copper, CuCl» a white substance, but 
slightly soluble in water, and prone to oxidize in moist air, 
becoming changed into a green powder {Brunswick green^, 
very much used by house-painters for common out-door 
work. 

No green color is so cheap as this, and it is the one most commonly 
employed. It is a good color when first laid on, but after a time, 
it becomes partly changed into oxide of copper, and assumes a blackish- 
green tint, especially if it be in the winter season. 

Ex. Write on a sheet of paper with a solution of chloride of 
copper (using a quill pen), nothing will be seen while the paper is 
damp, but if heated, the writing will appear yellow. 

Chloride of Cobalt, COCIy, used in the same way, will produce a 
fine blue, though pale pink while moist ; similarly. 

Acetate of cobalt yields a fine green. 

26 . Bubohloride, or Diohloride of Mercury, Calomel, 
HgCl. This valuable salt may be obtained in several 
ways — 

1. By heating the metal in chlorine gas, the insoluble 

portion of the residue is the sub-chloride. 

2. By adding an atom of chloride of sodium to an atom 

of the sub- or profo-nitrate of mercury. 

HgNOa-f NaCl = NaNOa+HgCl. 

I 
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8. By dissolving ^ro^oxide or grey oxide of mercury, 
HgO, in hydrochloric acid. 

Hg,0+2HCl = H,0+2HgCl. 

4. By triturating together, mercury, persulphate of mer- 
cury, and common salt, and subliming the mixture. Sub- 
chloride of mercury is vaporued and condensed, while 
sulphate of sodium remains. 

Hg + HgS04 + 2NaCl = Nam + 2HgCl. 

The persulphate of mercury is obtained by boiling metallic mercury 
in sulphuric acid and evaporating to dryness. 

If pro/osulphate of mercury, HgaS 04 , could be obtained as 
readily as the persulphate, it would be employed instead of it, and the 
metallic mercury might be dispensed with, in the above process. The 
mechanical mixture, however, of the persulphate and mercury, is 
equivalent, in result, to the actual promos ulphate. 

27. Perch^ride, or more correctly, Chloride of Mer- 
cury, Corrosive sublimatey HgCla, is also to be obtained in 
several ways. 

1 . Tlie soluUc portion of the mass formed by heating 

mercury in chlorine is the perchioride, 

2. When peroxide or red oxide of mercury, HgO, is 

dissolved in hydrochloric acid, the results are 
water and percliloride of mercury, which may he 
crystallized, on evaporation. 

HgO-f-2HCl Il>0-hllgCl,. 

3. By subliming a mixture of p^sulphate of mercury 

and common salt. 

HgS04+2NaCl == Na^SO^ -h HgCl,. 

Refer to Chap, xxv. §§ 6, 7, 8. 

28. Pure calomel is a white, heavy, insoluhUy tasteless 
powder, which is volatilized by heat, subliming into a 
yellowish white, crystalline mass. Potass, soda, and lime- 
water decompose it, grey suboxide of mercury, HgjO, being 
separated. Calomel is much used in medicine as a purg* 
ative, but must he administered with care. 
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29. Corrosive Climate is a white, eemitransparent, 
crystalline substance, soluble in water, of a nauseous, acrid 
taste, and highly poisonous. Potass, soda, or lime-water, 
added to a solution of corrosive sublimate, throws down a 
precipitate of finely-divided oxide of mercury, HgO. 

Corrosive sublimate is a powerful antiseptic, and is much 
used for preserving timber, &c. from decay {Kyanizing 
process). 

30. Chloride of Silver, AgCl, may be formed by add- 
ing any soluble chloride, as common salt, to any soluble 
salt of silver, except the hyposulphite, when a white, curdy 
precipitate falls, which is quite insoluble in water, but 
readily dissolved by ammonia, cyanide of potassium, or 
hyposulphite of soda, &c. 

Chloride of silver is decomposed, and becomes black on 
exposure to light, very slowly if pure, but more quickly it 
organic substances be present. When carefully heated, it 
melts, and forms, on cooling, a grey, horn-like mass. In 
this state, it is frequently found native, and is termed 
hom^ silver. 


EXERCISES ON CHAPTER XXXII. 


1. How are the chlorides formed? 

2. How are the metals affected by chlorine ? 

3. How are the metallic chlorides acted on by water ? Illustrate 

the formation of an insoluble chloride. 

4. How may the chlorides be decomposed ? 

6. Where is chloride of sodium found ? 

6. How is common salt obtained ? 

7. Whence is rock-salt obtained, and how is it pui itied 

8. State the properties of chloride of sodium. 

9. Name some of the uses of common salt. 

10. Whence is chloride of potassium obtained ? 

11. Describe the reaction of chlorine on a solution of potass. 

12. What is eal-ammoniac ? Whence does it derive its name ? Whew 

is it found native ? 

«8. How is chloride of ammonium generally prepared ? 
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14. Shew the retciton of common aalt on sulphate of ammonium P 

15. What are the chief characteriiUcs and uses of chloride of ammo- 

Ilium ? 

16. What is chloride of calcium? 

17. State the nature and uses of chloride of calcium. 

18. What is common bleaching powder ? 

19. How is hypochlorite of lime prepared ? 

20. Whence does hypochlorite of lime derive its bleaching proper^ 

ties? 

21. State the composition and uses of chloride of barium. 

22. What is chloride of magnesium ? 

23. What are the uses of chloride of zinc ? 

24. Describe the chlorides of tin. 

25. Describe the chlorides of copper. 

26. How may aubchloride of mercury be formed ? 

27. How may corrosive sublimate be prepared ? 

28. State the properties and uses of calomel. 

29. What are the uses and properties of corrosive sublimate P 

30. Describe the nature and properties of chloride of silver. 


CHAPTER XXXni. 

HALOID SALTS— con/inuerf. 

IODIDES, BEOMIDES, SULPHIDES, ETC. 

1. The Iodides and Bromides have many properties in 
common with the chlorides, and may, for the most, be ob» 
tained in a similar manner — either by the direct action of 
the combining elements, as when a metal is burned in the 
vapor of lodtue or bromine, — or by the action of hy« 
driodic or hydrobromic acid, on a metal or metallic salt; 
the hydrogen of the acid being replaced by its equivalent 
of metal. 

Ex, a . — See Chap xa., Ex.f. 
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2. Iodide of Potassimn, KI. — When iodine is added to 
a strong solution of caustic potass, a mixture of iodatei 
and iodide of potassium is formed as in the analogous} 
case of chlorine, (a) {Chap, xxxii. § 11) ; on evapo* 
rating the solution to dryness, and cautiously raising it to 
a red heat, the iodate of potassium parts with its oxygen, 
and is entirely charged into iodide of potassium (6). 

(а) 6I+6KHO =Kl 03 +r)Kl 4 - 3 HA 

(б) KIO, = KU-30. 

3. If, instead of fusing the product of the evaporated 

solution (a), alcohol be poured upon it, the iodide of potas- 
sium will be dissolved, and a salt insoluble in alcohol will 
remain, which is the Iodate of Potassium, KIO,, analo- 
gous to chlorate of potassium. ^ 

Ex. h . — Perform cautiously Ex. c. and d., and Chap, xxx., using 
the iodate instead of the chlorate of potasiium. 

4. Another, and perhaps better mode of obtaining iodide 
of potassium, is by decomposing the iodide of ziuc (or iron) 
by carbonate of potassium. 

The iodide of zinc (or iron) is made by gently heating 
together iodine, water, and scraps of zinc (or iron). The 
resulting iodide is filtered, and exactly decomposed by car- 
bonate of potassium, carbonate of ziuc (or iron) is precipi-<» 
tated, and iodide of potassium remains in solution. The 
latter is separated by filtration, and then evaporated, and 
cryatallizea. 

ZnI,-|-K,CO, = ZnCO,-f 2KL 

5. Iodide of potassium is important as a medicinal com- 

S ound (see page 118). It crystallizes in anhydrous non- 
eliquescent cubes, which fuse readily when heated, and 
are very soluble in water. Most of the metallic iodides 
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may be obtained by adding iodide of potassium to tfaa 
soluble salts of the metals. 


c. — Put a little starch paste into water, add a few drops of 
iodide of potassiam, no effect will be produced, for the iodine being 
already in combination, cannot unite with the starch. Add a little 
dilute acid or chlorine water, the iodine will be at once set free, and 
combining with the starch, form its characteristic him iodide. Chap^ 
xvi. § 22, Eat, o.) 

Eat. d , — Fill a scries of test glasses with the following solutions in 
distilled water, add to each a few drops of iodide of potassium, and 
note the colors of the iodides produced. 


Sulphate of Copper 
Acetate of Lead 
Nitrate of Bismuth 
„ ,, Silver 

Sub-nitrate of Mercury 
'^erchloride of „ 


gives Iodide of Copper hroton. 

„ „ „ Lead yellow. 

„ „ „ Bismuth orange, 

„ „ „ Silver primrose, 

„ Sub-iodide „ Mercury yellow, 

„ Per-iodide „ „ scarlet. 


6. Sub-Iodide, or Di-iodide of Mercury, Hgl, is formed 
jy adding iodide of potassium to the subuitrate of mer- 
cury ; it appears as a dirty, greenish yellow, insoluble pre- 
cipitate. 

Per-Iodide, or, more correctly, Iodide of Mercury, Hgla, 
is formed by adding iodide of potassium to a solution of 
corrosive sublimate, a yellow precipitate falls, changing im- 
mediately to a most beautiful scarlet. On a further addi- 
ion of iodide of potassium, the precipitate is dissolved, and 
Jie liquid becomes clear. The scarlet precipitate, when 
Jried, has been used as a water colour {geranium red)^ but, 
unfortunately, it is not permanent. 

7. The per-iodide of mercury affords another illustration 
of dimorphism, {Chap. xxvii.§ 24), attended with change of 
color; for when the scarlet precipitate is heated it sublimes, 
3 delding a quantity of minute, brilliant, yellow crystals. 
On touching this yellow incrustation with a hard substance, 
as the point of a needle, it instantly becomes red at the 
point of contact, and the color gradually spreads through 
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the whole mags, till every particle has regained its origtiial 
scarlet. 

8. Teriodide of Phosphoms, PI;^. See Chap. iii. Ex, d, 

9. Teriodide of Nitrogen, NIa. See Cluxp, xvi. § 24, 

10. Bromide of Potassium, KBr, is a white, fusible, 
and very soluble salt, similar in appearance and general 
properties to iodide of potassium, and prepared in a similar 
manner. It is only used in photography. 

Ex. $. — Perform Ex. c., using the bromide instead of the iodide of 
potassium, a pale orange bromide of starch will be produced. 

11. Plnoride of Calcium, fluor-spar, CaFa.— The com- 
binations of fluorine with the other elements are very few, 
and those few but little understood. The most important 
is the beautiful mineral termed fluor-spar, which is found 
in many parts of Derbyshire, crystallized in regular cubes 
or octohedra, of a white, green, rose, or purple color. It 
fuses at a red heat, and is sometimes used as a flux for 
metallic ores, hence its name **fluor spar,*' 

Hydrofluoric acid is obtained from it by the action of 
sulphuric acid, as shewn, Chap. xvi. § 27. 

CaF,H-H,S 04 = CaS 04 -f 2 HF. 

12. The metallic sulphurets or sulphides, MS, may be 
prepared by rubbing or melting together sulphur and a 
metal. Chap, iii, Ex.e: Chap. xx. Ex.e: — by adding sul- 
phuretted hydrogent or sulphide of amiuonium, to a 
metallic oxide or salt, Chap. xiv. Ex. o, p, q ; — by heating 
metallic sulphates with charcoal or carbonaceous matter, to 
remove the oxygen of the salt, Chap. xxix. § fl. 

13. Somi' of the metallic sulphurets undergo no change 
when heated in close vessels, as the sulphurets of potas- 
sium and sodium ; others sublime unaltered, as the sul- 
phurets of arsenic and mercury. Chap. xxiv. §18; Chap. 
XXV. § 9 ; — others lose a portion of their sulpliur, and if 
air have access, give ofif sulphurous acid, the metal passing 
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into the state of oxide (roasting), as the sulphurets of 
copper and lead. Chap, xxiii. §§ 4, 15 j — others are com- 
pletely reduced to the metallic state, as the sulphurets of 
gold and platinum. 

14. The metallic sulphurets are, for the most part, 
opaque, brittle solids. They are all insoluble in water, 
except those of the metalhc bases of the alkalies and 
alkaline earths. 

15. Several of the metallic sulphurets occur abundantly 
in nature ; the most common are, the sulphurets of iron, 
lead, antimony, copper, zinc, arsenic, mercury, and silver. 
These, with the exception of the first, have been noticed 
in the accounts of the several metals. 

16. The sulphuret of zinc is white; that of arsenic, 
yellow ; that of antimony, orange. The rest of the inso- 
luble sulphurets are black. 

17. Protosulphuret of Potassium, K^S, is formed by 
heating potassium with sulphur, Chap. xx. Ex, e., or by 
heating sulphate of potassium with charcoal. There are three 
other sulphurets of potassium, viz., the Bisulphuret, KS ; 
the Tersulphuret, K,S, ; and the Pentasulphuret, K^Ss. An 
impure variety of the latter was formerly called liver of 
sulphur, from its color. If an acid be added to a solution 
of it, sulphur will be precipitated in a state of the finest 
division, giving the liquid the appearance of milk {milk oj 
sulphur), 

18. Protosulphuret of Sodium, Na,S, is formed in a 
similar manner to the preceding ; see also Chap, xxvii. 
§10. It is interesting, as forming one of the ingredients 
in the mineral termed lapis-lazuli, from which ultramarine 
is prepared. 

“ Artificial ultramarine is obtained by heating sulphuret 
of sodium with silica, aluminum^ and iron.” 
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There are several other unimportant sulphurets of 
sodium. 

19. Several sulphurets of ammonium may be obtained 
by distilling the sulphurets of potassium or sodium with 
chloride of ammonium. 

When two volumes of ammoniacal gas are mixed with 
one volume of sulphuretted hydrogen, and condensed by 
cold, a neutral Sulphuret of Ammonium, NH^S, is ob- 
tained in extremely volatile deliquescent crystals. 

20. Sulnhide of Ammonium, or as it is frequently 
called, Hydrosulphate, or Hydrosulphuret of Ammonia, 
(NH 4 )HS, is a double sulphuret of ammonium and hydrogen^ 
formed by passing a current of sulphuretted hydrogen gas 

through liquid ammonia, 
till the latter is saturated 
with the gas, which may be 
known by the solution ceas- 
ing to give a precipitate with 
sulphate of magnesium. The 
sulphide of ammonium so 
prepared is at first nearly 
colorless, but as it gradually 
absorbs oxygen from the 
77. air, it becomes yellow after 

a time, from the presence of excess of sulphur, which may 
be precipitated by the addition of an acid. 

The sulphide of ammonium is a useful test, as it pre- 
cipitates many metals from their solutions. 

21. There are several of the double sulphurets which 
have been termed sulphur-salts, for one of the sulphurets 
seems to act the part of an acid {sulphur-acid), as sulphuret- 
ted hydrogen, sulphuret of carbon, of arsenic, of antimony, 
&c., while the other acts the part of a base {sulphur-base), 
as the proto-sulphuret of ammonium, and the proto-sul« 
phurets of the metals of the alk'^lies and alkaline earths. 
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The sulpburet or sulphide of ammonium might thus be 
called a sulphur-salt, the sulphur-base, neutral sulphuret of 
ammonium^ being combined with the sulphur-acid, auljphu* 
retted hydrogen, 

22. of IroUy Magnetic prjrites, FeS, is 
a blackish, brittle subtance, attracted feebly by the magnet, 
formed by heating iron filings and sulphur together in a 
crucible. It is found native in Cornwall, Wales, Norway, 
the Harz mountains, and in North America. 

Ex. f — Heat a rod of iioii to whiteness, tlien rub it with a stick of 
roll suiphur, avoiding the fumes, and allowing the drops to fall into 
water. The black substance found at the bottom will be the proto- 
sulphuret of iron. 

23. Bisulphuret of Iron, Iron rites, FeS^, is a sub- 
stance of a brass-yellow color, which occurs abundantly in 
every part of the world, and in dififerent forms, derived 
from the cube. It is often found in nodules, which when 
broken have a radiated appearance ; they are sometimes, 
though wrongly, supposed to be of meteoric origin, and 
have therefore been called thunderbolts. 

The principal use of iron-pyrites is in the manufacture 
of sulphate of iron, Chap. xxix. § 22. 

24. Bisnlpliiiret of Carbon, CS^, is a transparent, color, 
less liquid, with a most disagreeable odor ; it is exceed- 
ingly volatile, and produces by its evaporation an intense 
degree of cold. It boils at 1 lO^F. 

It burns with a blue flame, the products of combustion 
being carbonic acid and sulphurous acid gas. It freely 
dissolves sulphur and phosphorus, and the solution often 
deposits these substances in beautiful crystals, by spon- 
taneous evaporation. 

Ex. g. — Half fill a phial with water or with sulphuric acid, and sur- 
round it w ith a rag moistened with bisulphuret of carbon. The liquid 
will speedily be frozen. 

Ex. h . — Dip a piece of paper in a solution of phosphorus in bisul- 
phuret of carbon, and allow the moisture to evaporate, the phosphorus, 
being left in a state of minute division, will immediately inflame. 

B 
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25. Fhosphuret of 



Calcium, CaP*, is a brown compound 
formed by passing the vapor of 
phosphorus over pieces ot lime 
heated to redness in a porcelain 
tube. 

Ex. i. — Wlien put into water, this 
substance, if fresh made, gives off sponta- 
neously-inflammable phosphuretted hy- 
drogen. See Chap. xv. § 14, and Ex. m. 


EXERCISES ON CHAPTER XXXIl. 

]. What are the general properties of the iodides and hi ^ 
and how may they be obtained ? 

2. How is iodide of potassium prepared from iodine and potass? 

3. How is iodate of potassium obtained^ 

4. How are the iodides of zinc and iron prepared, and how are 

they acted on by carbonate of potassium ? 

5. What are the properties and uses of iodide of potassium ? 

6. Describe the iodides of mercury. 

7. What is dimorphism, and how does per-iodide of meicury ilhb- 

trate it ? 

8. How is ter-iodide of phosphorus prepared ? 

9. Describe the preparation and properties of ter-iodide of azote. 

10. What is hroriiide of potassium ? 

1 1 . Descrilie the fluoride of calcium. 

12. How may the metallic sulphurets be prepared? 

13. How are the metallic sulphurets affected by heat ? 

11. Which are the soluble, and which the insoluble sulphurets 

15. Name the chief native sulphurets. 

16. State the characteristic colors of some of the sulphurets. 

17. Describe the sulphurets of potassium. 

18. Of what use is sulphuret of sodium ? 

19. How are the sulphurets of ammonium obtained? 

20. Describe tlie preparation, properties, and uses of the common 

sulphide of ammonium (hydrosulphuret of ammonia^ 

21. Explain the constitution of sulphur-salts. 

22. What is the proto- sulphuret of iron ? 

23. What is iron-pyrites, and for W'hat is it used } 

24. What are the properties of bisulphuret of carbon ? 

25. What is phosphuret of calcium ? 
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CHAPTER XXXIV. 

ORGANIC COMPOUNDS. 

1. Organic chemical compounds are compounds directly 
or indirectly derivable from organized bodies. They can- 
not, except in very rare instances, be formed by bringing 
their elements together, “ but must either be derived 
ready-made from plants and animals, or must be prepared 
from such ready-made substances, which form, so to speak, 
the raw material.” 

Thus, sugar may be shewn to consist of carbon and water, Chap. iii. 
Ex. n. ; yet we cannot unite carbon, oxygen, and hydrogen, so as to 
form sugar. Again, alcohol and vinegar contain the same three ele- 
ments, but can only be obtained from sugar, as the raw material, by 
fermentation or chemical action. 

2. The prevailing elements in organic compounds are 
carbon, oxygen, hydrogen, nitrogen, sulphur, and phos- 
phorus. 

Some organic bodies consist of only two cdements, — 
carbon and oxygen ; a great many are found to contain 
three, — carbon, oxygen, and hydrogen ; not a few contain 
four, — carbon, hydrogen, oxygen, and nitrogen ; very few 
contain five or six, though almost every element may occur 
in some organic compound or other. 

3. Organic compounds consisting only of carbon, oxygen, 
and hydrogen {non-nitrogenom compounds) ^ are easily distin- 
guished from those which in addition, contain nitrogen, 
or nitrogen with sulphur or phosphorus {nitrogenous com- 
pounds), by burning them. The latter cla^s will evolve an 
offensive odor like burnt feathers, or if heated with lime, 
will give off ammonia. 
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4 , Organic compounds may be classed as acids, oases , 
and indifferent or neutral substances. The organic acids 
are chiefly contained in fruits, or in the sap of plants, 

They are usually prepared by saturating the juices 
containing them with lime, evaporating the solution of 
the lime salt to dryness, and afterwards decomposing it by 
sulphuric acid, which removes the base and liberates the 
organic acid, which can be separated either by filtering or 
by evaporation. 

5 . Acetic Acid, is readily formed by the 

fermentation of many animal and vegetable juices, when 
exposed to the action of the air at a moderate temperature. 
It is also a product of the distillation of vegetable matter, 
especially wood, in close vessels {wvod vinegar or pyrolig- 
neous acid.) 

Ordinary vinegar is dilute acetic acid ; it cannot be con- 
centrated by evaporation, for the acid is volatile as well as 
the water. 

‘‘The strongest acetic acid is obtained by distilling 
anhydrous acetate of sodium with three times its weight of 
concentrated sulphuric acid.” 

2Na(C,H3O0-f H,S04 = Na,S04-f 2(H,C,H3O0. 

Acetic acid is monobasic and contains one replaceable atom 
of hydrogen. Its empirical formula is as above, C2H4O,. Its 

rational formula may be written, H,C2H303, or | 0. 

6. Acetate of Lead, sugar of lead, Pb(C8H30a)2, is pre- 

pared by dissolving litharge, protoxide of lead, in strong 
vinegar, or else by exposing plates of lead to the vapor of 
vinegar, and dissolving the carbonate of lead so formed, 
{Chap, xxvii. § 27 ) in acetic acid. The acetate of lead 
of commerce is a white, crystalline substance, of a 
sweetish taste, somewhat resembling loaf sugar, whence the 
name sugar of lead. It is much used in calico-printing 
and dyeing; also by the painter, on account of its pro- 
moting the drying of oil colors b.v absorbing the greasy 
particles of the oil. 
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It is a violent poison, but is used medicinally, as an 
external lotion for the eyes, &c. (Goulard's water,) 

7. Acetate of Copper^ crystallvLed verdigris , Cu(C*H40a)t. 
— When sheets of copper are exposed to the action of acetic 
acid a subacetate of copper, Cu(C.iH30a), is formed, 
known in commerce as common verdigris ; if this be dis- 
solved in hot acetic acid and allowed to crystallize slowly, 
it will deposit beautiful dark-green crystals of neutral 
acetate, used by painters under the name of distilled or 
crystallized verdigris. 

8. Oxalic acid, H„Ca04-f 2H2O, is found in the stems 
of rhubarb, in the sap of common and wood sorrel, and 
in some fruits, combined with potass or lime. It is 
prepared artificially in large quantities by the action of 
nitric acid on sugar, starch, and dextrine (Chap. iii. Ex, q,). 
The crystallized acid has very much the appearance of 
Epsom salts ; it is 
very soluble, the so- 
lution being intensely 
sour, and highly poi- 
‘ionous ; the proper 
antidote is chalk or 
magnesia. 

When heated with 
sulphuric acid, oxalic 
acid is decomposed 
into carbonic acid and 
carbonic oxide, see 
Chap, xi. §§ 19. 20. 

9. Oxalate of Ammonium, (NH4)2Ca04» is prepared by 
neutralizing a hot solution of oxalic acid by carbonate of 
ammonia. It is used in chemical analysis to precipitate 
lime from its solutions, which it does in the form of a 
white powder, Oxalate of Calcium, Ca,C204. 

10. Oxalic acid forms with peroxide of iron a very 
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Boluble Fer«oxalate of Iron, Fe, 3 (C 204 ), so that either the 
acid itself, or the Binoxalate of Potassinin (salt of sorrel). 
KHCaO^, is used for removing ink-stains (tanno-gallate of 
iron), or iron-mould (per-oxide of iron), from linen, &c., 
for a soluble oxalate of iron is formed which can be easily 
washed away. 

E.V. a . — Oxalic acid is the only acid which will decompose sulphate 
of lime. Add some solution of oxalic acid, or oxnlnte of ammonium, 
to lime-water, or any salt of calcium, oxalate of caicium will be preci- 
pitated as a white powder. 

11. Tartaric Acid, H2,C4H40g, is a bibasic acid, found 
in a free state in the juice of unripe grapes, and as 
an acid tartrate of potass in tamarinds, pine-apples, ripe 
grapes, and other fruits. When pure, it is colorless, in- 
odorous, and very sour to the taste. 

12. If tartaric acid be boiled with nitric acid, it absorbs 
oxygen, and becomes converted into oxalic acid. 

if it be boiled with sulphuric acid, it loses oxygen, and 
is changed into acetic acid. 

When tartaric acid is heated to 400® F. with excess of 
caustic potass, KHO, acetate and oxalate of potassium 
are formed, thus — 

H„C4HA + 3KH0 = K(CHA)*fK,(CA)4-3HaO. 

13. Tartaric acid is used by calico printers to evolve 
chlorine from solution of bleaching powder, and produce 
white patterns on a colored ground hy di8chargin^i\\e color 
in certain parts. 

14. The most important compound of tartaric acid is 
the Acid- or Super-tartrate of Potassium, Kli,C4H40«, 
which is deposited, in an impure state, from wine or grape 
juice in the act of fermenting, and forms an incrustation 
upon the bottoms and sides of the casks in which new 
wine is stored. When purified by boiling in water, (with 
pipeclay and animal charcoal to remove the coloring matter), 
and subsequent crystallization, it forms a w'hitc salt known 
as cream of tartar. 
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It is from this salt that tartaric acid is generally ob- 
tnined, by converting it into tartrate of calcium, and then 
removing the lime by sulphuric acid, as shewn in § 4. 

15. Tartrate of Potassium and Sodium, KNa(C 4 H 40 e), 
is made by neutralizing a hot solution of cream of tartar 
with carbonate of sodium ; crystals are deposited on evapo- 
ration, having a saline taste, and used in medicine as a pur- 
gative under the name of Rochelle salt, 

16. Tartrate of Antimony and Potassium, or tartar^ 
emetiCf K(Sb 0 )(C^H 404 ), is made by boiling oxide of an- 
timony with cream of tartar. It is a white salt, slightly 
efflorescent, and much employed as an emetic. 

Ea‘. b . — Half fill two test glasses with solution of tartar-emetic, add 
to one some dilute sulphuric or nitric acid, the potass will be sepa- 
rated, and a mixture of cream of tartar and oxide of antimony will be 
precipitated. 

Add to the other glass a solution of caustic potass or ammonia, 
oxide of antimony will be thrown down, soluble iii excess of potass. 

17. Gallic acid. CjHsOs, and Tannic acid, 

— These acids are closely connected with each other, and are 
largely diffused throughout the vegetable kingdom, but 
especially in the bark of the oak and in nut-galls : wlience 
the name galhc acid. 

18. Tannic acid derives its name from its use in the 
process of tanning. When a piece of skin previously 
cleaned and soaked in lime-water is immersed in an in- 
fusion of oak-bark or nut-galls, it absorbs the whole of the 
tannic acid, and forms a compound insoluble in water 
commonly known as leather. 

The gallic acid present in the infusion is left behind. 

19. When exposed to the air, or treated with dilute 
sulphuric or hydrochloric acid, tannic acid becomes 
changed into Gallic acid and Glucose (grape-sugar). 
Thus — 


Tannic Acid. Gallic Acid. GlucoM. 

Ci7H220,7-f4H,0 = SCyHgOi-hCfiHjA* 
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20. A Btrong mfusion of nut galls is used as a test ia 
chemical analysis, especially for the salts of iron, witli 
which a black or bluish black precipitate is formed, the 
basis of common writing ink. 

See Chap, xxiir. Ex. d. 

Cloth or calico may be dyed of various shades of black, grey, or 
violet, by immersing it, first, in peracetate or persulphate of iron, and 
afterwards in a decoction of madder and logwood. A tanno-gallate of 
iron is formed in this case also. 


21. As Ammonium, though a compound body, was 
ranked among the simple metals, because it acted like a 
metal in the various combinations it formed with other 
bodies, so there are certain organic compounds which 
resemble in character the simple salt-radicLe^, chlorine, 
iodine, &c., and combine with other elements just as if they 
were themselves elements. The most important of these 
compound salt-radicals is Cyanogen. 



22. Cyanogen, 

=26, may be 
obtained by heating 
cyanide of mercury 
in a tube, when a 
colorless, poisonous 
gas will be evolved, 
having an odor like 
bitter almonds, and 
soluble in water, so 
that it must be col- 
lected over mercury. 
It can be condensed 
into a colorless, 
transparent liquid. 

Its density as 


compared with air is 1.806. 

The symbol Cy is often used instead of CN. 

Cyanogen is inflammable, and burns with a rose-colored 
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flame ; the products of combustion are carbonic acid and 
nitrogen. 

This may be shewn by heating a little cyanide of mercury and in- 
flaming the gas, see fig. 81. 

23. Hydrocyanic or Prussic 
Acid, HCy, is a bydracid, con- 
sisting of hydrogen and cyan- 
ogen ; and may be prepared by 
distilling cyanide of mercury 
with hydrochloric acid. 

HgCy, +2HC1- 211Cy + HgCb. 

It is the most ^riolent of 
known poisons. Even in very 
small quantities its vapor occa- 
sions faintness and head-ache. 

The most eifectual antidote is 
ammonia, and the application of cold water, as in a shower 
bath. 

Though used in medicine, it is in exceedingly small quantities. 

The strongest solution of prussic acid used medicinally in Eng- 
land, only contains 3 per cent, of real acid, and of the acid, thus 
diluted, a single drop is a dose.*^ 

The kernels of peaches and other stone fruits, and especially those 
of bitter almonds, as well as the leaves of the laurel, contain hydro- 
cyanic acid. Hence laurel-water, and oil of bitter almonds, are 
poisonous. 

24. When hydrocyanic acid is added to a metallic oxide, 
the resulting salt is a cyanide of the metal. Thus Cya- 
nide of Mercury, HgCy*, may be formed by dissolving 
red oxide of mercury in hydrocyanic acid, evaporating and 
crystallizing. 

25. Cyanide of Potassium, KCy, or K,CN, may be ob- 
tained by beating potassium in the vapor of cyanogen, or 
hydrocyanic acid ; in the latter case with evolution of hy- 
drogen. 

Also, by passing pure nitrogen gas through a white hot 
porcelain tube containing carbonate of potassium and char- 
coal, when carbonic oxide is given off, while cyanide of 
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potassium settles in the cooler portions of the tube as a 
white amorphous powder. 

Km-f 4C+2N - 3CO+2K(CN). 

If nitrogenous substances, such as horn-shavings, hide- 
parings, hoofs of animals, &c., be heated to redness with 
carbonate of potassium in a close vessel, abundance of cy- 
anide of potassium will be formed, arising from the mu- 
tual decomposition of the ammonia and the alkaline car- 
bonate in the presence of charcoal. 

2NH3-f Km+C == 3H,0+2KCN. 

26. Cyanide of Potassium is now made in considerable 
quantities from the ferrocyanide, § 29, being much used 
in electro-plating and gilding, as a solvent for the precious 
metals, by forming Cyanide of Gold, AuCy,, and Cyanide 
of Silver, AgCy. 

Silver Solution. — Add cyanide of potassium to nitrate of silver, 
cyanide of sdver will be deposited. Wlien this precipitate has been 
well washed, a further solution of cyanide of potassium is added, 
which completely dissolves it ; forming a double cyanide of potassium 
and silver. 

AgN 03 + 2KCy = KNO 3 + AgKCyg. 

Gold Solution. — Dissolve gold in aqua regia, Chap. xxv. { 26, and 
boil the resirlling perchloride of gold with calcined magnesia to pre- 
cipitate the oxide, (a). Separate the oxide by filtration, boil it with 
nitric acid to remove any remaining magnesia, and after it has been 
well washed, dissolve it in cyanide of potassium, {b). when a double 
cyanide of potassium and gold will be formed. 

(tf.) 2AuCl,+ 3MgO =3MgCh + AuiOs. 

(h.) Au,0,-i-7KCy = 3K,0 + Au,KCyy. 

27 . Cyanogen forms three acid oxides with oxygen, 
which are isomeric bodies, that is, they contain the same 
proportions of the same constituents, hut are yet quite 
dissimilar in their properties. They are 

Cyanic Acid HCyO or, HCNO, monobasic, 

Fulminic „ H.CvaO, „ HaCyaN^Oa, bibasic. 

Cyanuric „ HjCyjOj „ HjCysOa, tribasic. 
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The distinct character of these acids may be seen by 
comparing their silver-salts. 

Cyanate of Silver AgO,CyO = AgCyO. 

Fulminate „ „ 2 Ag 0 ,Cy 30 a — Ag^CyaO^. 

Cyanuret „ „ 8 Ag 0 ,Cy 303 = AgaCy^Os. 

28. Fulminio acid has never been obtained in a separate 
iitate. It derives its name from the fulminating properties 
of its metallic salts. Fulminate of mercury, Hg.CyaO;}, 
is manufactured on a large scale for the purpose of filling 
percussion caps ; it is sometimes mixed with a little sul- 
phur and chlorate of potass, and the mixture when pressed 
into the cap is secured by a drop of varnish. 

Fulminate of mercury is dangerously explosive, and the 
fulminates of silver and gold still more so. They had, 
therefore, better not he experimented with. 

29. When a solution of cyanide of potassium is 
gently heated with iron filings for some time in an open 
vessel, oxygen is absorbed, and the iron dissolved. On 
evaporation, the yellow liquid obtained deposits beautiful 
lemon-colored crystals, tough and difficult to be powdered, 
and becoming anhydrous at a gentle heat. This salt is 
termed Ferrooyanide of Potassium, or prussiate of potasi, 
4 K,Fe, 6 CN + 3 H 3 O, or, more simply, K 4 FeCyc. 

Ferrocyanide of potassium is made on a large scale by fusing refuse 
animal matters with pearlash (impure carbonate of potassium), and 
scraps of old iron ; cyanide of potassium is formed as stated in § 25. 
The fused mass is afterwards heated in water for some time, and the 
iron is dissolved, as shewn above. 

30. The Ferrocyanides, 4M,FeCy6, or 4M,Cfy, are con- 
sidered to be compounds of bases with a still more complex 
salt-radical tiian cyanogen, to which the name Ferrocya- 
nogen, FeCyg, or Cfy, has been given, as it contains six 
atoms of cyanogen, and one of iron. It has never yet been 
obtained in a separate state. Ferrocyanide of potassium, 
K^FeCye, therefore may be described as consisting of Fer- 
rooyanic Acid, H 4 (FeCy 6 ) a tetrabasic acid, in which tha 
4 atoms of hydrogen have been replaced by 4 atoms of po- 
tassium. 
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31. Ferrocyanide of Potassium forms a valuable test for 
metals ; when mixed with most of the metallic salts in solu- 
tion, it throws down as a precipitate the ferrocyanide of 
each metal, and frequently with a characteristic color. 

When added to a salt of iron, it forms the well-known 
substance termed Prussian blue ; it is therefore much used 
by dyers, calico-printers, and color-makers. 

Ex. c.— Fill a series of glasses with solutions of metallic salts, 
and add to each a few drops of a solution of ferrocyanide of potassium, 
ferrocyaiiides of the respective metals will be thrown down, thus — 


Solutions of 

Color of precipitates. 

Iron 

proto-salts. 

white or pale blue. 

»> 

per-salts. 

dark blue. 

Copper 

proto-salU. 

lilac. 


per-salts. 

deep brown. 

Manganeee 

proto-chloride. 

reddish white. 

Lead 

nitrate. 

white. 

Silver 

» 

cream-color. 

Ifercnry 

chloride. 

white. 

Cobalt 

it 

pale green. 

Tin 

it 

pale yellow. 

Zinc 

a 

white. 

Nickel 

sulphate. 

gray. 


Ex. d . — Heat ferrocyanide of potassium with eight or ten times its 
weight of strong sulphuric acid, pure carbonic oxide will be evolved. 
The reaction is explained, Chap. xi. § 21. 

32. Ferricyanide of Potassium, sometimes called red 
prussiate of potassium, is a sub-salt, consistino; of 3K,FeCys. 
It forms a bright blue, known as Turnbull's blue, with 
/jrofoaalts of iron, and gives no precipitate with /iersalts. 

TurnbulFs blue = Fe 3 (FeCyg) 2 . 

83. When anhydrous ferrocyanide of potassium, K 4 FeCyi, 
is fused with half its weight of sulphur, each atom of 
cyanogen combines with one atom of sulplmr, giving rise 
to a new monobasic radical, Bulphooyanogen, CNSt9 or 
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C»y, which remains in union with the potassium and iron, 
forming sulphocyanides of those metals ; thus — 
K^FeCy^-f 6S = 4KC8y-hFe2C8y. 

34. A soluble siilphocyanide gives no precipitate with 
the persalts of iron, but causes their solutions to assume a 
blood-red color ; hence sulphocyanide of potassium is some- 
times used as a test for joeroxide of iron. 

Exn e . — Moisten a white plate with a little perchloride or persul- 
phate of iron, and let fall on it a drop or two of sulphocyanide of 
potassium, it will appear exactly like blood. 

EXERCISES ON CHAPTER XXXIV. 

1. What are organic chemical compounds ? 

2. What are the prevailing elements in organic compounds? 

3. What is meant by nitrogenous and non-nitrogenous compounds, 

and how may they be distinguished ? 

4. How are organic compounds divided ? Ilow may organic acids 

be prepared ? 

5. Describe the nature and properties of acetic acid. 

6. Give an account of acetate of lead, and its uses. 

7. How is acetate of copper prepared ? 

8. State the nature and properties of oxalic acid. 

9. For what is oxalate of ammonia useful as a test ? 

10. Why is oxalic acid used to remove ink stains ? 

11. What is tartaric acid? 

12. How is tartaric acid acted on by nitric and sulphuric acids, and 

by caustic potass ? 

13. For what is tartaric acid used ? 

14. What is cream of tartar^ and for what is it used ? 

16. What is Rochelle salt ? 

16. What is tartar-emetic t 

17. Where are gallic and tannic acids found ? 

18. Explain the principle of the process of tanning skins, &c. 

19. How is tannic acid altered by exposure to the air. 

20. What is common writing-ink? How are ordinary black dye» 

produced ? 

21. Why may cyanogen be classed with the elements ? 

22. Describe the nature and properties of cyanogen, 

23. How may hydrocyanic acid be obtained, and what is its most 

characteristic property ? 

24. Why should the compounds of hydrocyanic acid be classed 

among the haloid salts ? 

25. How may cyanide of potassium be procured ? 
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26. For what is cyanide of potassium principally used ? 

27* Give an account of the acid oxides of cyanogen. 

28. For what is fulminating mercury used } 

29. What is ferrocyanide of potassium^ and bow is it prepared? 

30. What is the constitution of the ferrocyanides ? 

31. For what is ferrocyanide of potassium used ? 

32. What are the properties of ferrldcyanide of potassium } 

33. How is sulphocyanogen obtained? 

34. For what is sulphocyanide of potassium a test ? 


CHAPTER XXXV. 

ORGANIC COMPOUNDB—COWftnttCif. 

1. Some of the most important organic bases in the 
vegetable kingdom are used in medicine, and from their 
power of combining with acids have been termed alkaloids 
or x^egeto- alkalies. They are, fttunine^ the active principle 
ni Peruvian bark ; Morphine, the highly poisonous prin- 
ciple in opium and laudanum ; Strychnine, a powerful 
poison usually prepared from nux-vomica. There are also 
Theine, from tea j Nicotine, from tobacco ; and many 
others. 

2. Many of the neutral organic bodies are of great im- 
portance in the arts and medicine, and compose the prin- 
cipal part of the food of man and animals. They are, as 
already stated, Chap, xxxiv. § 3, divisible into nitrogenous 
and non-nitrogenous bodies. The former contain the most 
nutriment ; the latter contribute little to the actual growth 
of animals, but are, as it were the fuel, by the combustion 
of which (that is its union with oxygen) the natural warmth 
of the body is maintained. 

3. When more non- nitrogenous food is taken than i? 
required for this purpose, it is converted into fat, which 
consists chiefly of carbon and hydrogen ; when too little 
is taken, the body becomes .»«an, because the already exist- 
Mig fat is absorbed to maintain the vital warmth. 
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Hence, animals that sleep through the winter, though 
fat at the commencement of their period of hybernation, 
become very lean towards its close. 

For a like reason, the inhabitants of cold climates require 
a larger proportion of fat, oily, substances in their food, 
than those of more temperate regions. 

4, The chief non^nitrogenom compounds gum, sugar, 
woody fibre or lignine, fats, oils, and resins. They all 
consist of charco^ and the elements of water. 

5. Starch, QlIioO^, is found abundantly in all plants, 
and is obtained, — from their seeds or fruit, as wheat-starch, 
or rice-starch ; — from their roots or underground sterns, as 
potato-starch, tapioca, and arrow-root ; — from the pith of 
certain trees, as sago, &c. 

I 5 By the action of sulphuric acid, starch may be con- 
j verted into a kind of gum, called dextrine, — or into sugar, 

; Chap. iii. Ex. q. The latter change takes place during the 
I first growth or sprouting of seeds ; hence maU, which is 
I barley kept moist and warm till it begins to grow, has 
1 a sweet taste which the barley itself has not. 

7. Sugar is the name given to any sweet substance con- 
tained in plants or animals. Hence there are different 
varieties of sugar, the chief of which are : 

Cane or Ordinary Sugar, CiJIaaO^i, produced from the 
sugar-cane, beet-root, sugar-maple, &c. 

Grape Sugar, or the sugar of fruits, CeHjjOe, prepared 
also from lioney and starch. 

Milk Sugar, or sugar of milk, Cell^Oe, obtained by 
evaporating and crystallizing whey. 

Glycerine, or sugar of oil, C^HgOg, whicli differs from 
the preceding in not yielding alcohol by ferment- 
ation. 

8. Liguine or w oody fibre forms the structure of plants ; 
fine linen or cotton exhibits it in a nearly pure state. 

If linen rags, tow, sawdust, be exposed to the action cf 
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Bulpliiiric acid, as was described under tlie account of starch. 
§ 6, they will be converted into gum or sugar, according 
to the nature of the process. 

9. When lignine, in the form of cotton, muslin, sawdust, 
&c., is soaked for about five minutes in a mixture of equa 
parts of strong nitric and sulphuric acid, and then taker 
out, well washed and cautiously dried, it will be founc 
unaltered in appearance, but much changed in properties. 
It is now Gun-cotton, or pyroxyline, CjH8(NO.,)iO*. 

Gun-cotton is highly explosive, detonating sharply wher 
struck with a hammer on an anvil. It burns very rapidly, 
without smoke or residue. 

Ex. a. — Put some loose gun-cotton on the hand, or on a little 
gunpowder, and inflame it by touching with a heated wire. It wil 
neitiier burn the hand nor ignite the powder, owing to the rapidity o 
the combustion. 

10. Gun-cotton dissolves in ether, forming a syrupy 
liquid, which on evaporating leaves behind a transparent, 
tenacious film. This substance, termed Collodion, is largely 
employed in photography. 

If collodion be spread over a wound the sides of which are held 
together, it evaporates, leaving a tenacious film, which serves the pur- 
poses of plaster, and is insoluble in water. 

11. The chief nitrogenous substances are, albumen, 
fihrine, and caseiue, which are found both in the vegetable 
and animal kingdoms. 

12. Albumen occurs nearly pure in the white of 
eggs ; it is also largely found in the blood, the humors of 
the eye, the fiesh of animals, and in oily seeds. It is 
soluble in water, and is coagulated into a white, opaque 
mass by heat, by most acids, and by many metallic salts. 

Hence white of egg is given in cases of poisoning with salts of cop- 
per or mercury, or with arsenious acid. 

jSr. d — The presence of an alkali (soda) in albumen may be shewn 
by dropping a little white of egg into an infusion of vegetable blue, 

h n Wii ■ ' 'ill I ‘ rhanffpH to 
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13. Fibrine is found soluble in the living blood, but 
after death or separation fi|om the body, it spontaneously 
coagulates in fibres, which are insoluble in water. Fibrine 
occurs also in the lean flesh or muscular fibre, whence it 
has derived its name. 

14. If a little wheat flour be tied up in a piece of linen 
rag, and kneaded under a stream of water, so long as the 
latter flows off milky, a tough, adhesive elastic substance 
will be found in the cloth, which is gluten or vegetable 
fibrine. It is tasteless, and odorless ; hardens on drying, 
into a hom-like mass, and is identical in composition with 
the fibrine of the blood. 

The milky color is given to the water by the separation of the starcli 
vihich is ditfused through it, and settles slowly to the bottom of the 

vessel. 

15. Gaaeine is the curd of milk, and derives its name 
from the Latin, caseus, cheese, of which substance it is the 
chief constituent. 

It is found in most plants, but especially in peas, beans, 
and other seeds of a similar kind. 

It has the same composition as albumen and fibrine, but 
its solution differs from that of the former, in being coagu- 
lated by vinegar, and in not being coagulated by heat, and 
from that of the latter, in not coagulating spontaneously. 

16. Nitrogenous substances, when in a moist condition, 
putrefy, or decompose of their own accord ; if added to 
bodies of the non-nitrogenous class while in this state ot 
decomposition they produce a change also in them, — this 
change is termed fermentation. 

Pure sugar, dissolved in water, undergoes no change ; but if a little 
yeast be added, and the mixture kept in a warm place, it will effervesce 
from the evolution of carbonic acid. The sugar has been converted 
into carbonic acid and alcohol ; the latter substance may be separated 
from the watery part of the solution by distillation. 

17. Alcohol, tj>irits of wine, C<1I,0, is produced by 

X 
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the breaking up of an atom of grape sugar into alcohol, 
apd carbonic acid, and water ; thus— 

CeH.A = 2(C,H,0)+2C0,. 

Qrape sugar. Alcohol. 

It is the grape sugar alone that yields alcohol, the fer- 
ment or yeast changing the cane sugar into that substance ; 
the same may he said of milk sugar. 

18. Pure Alcohol is a colorless liquid, spec. grav. 0.795. 
It is very inflammable, burning witliout smoke. From its 
great solvent powers it is much used by the chemist, the 
varnish-maker, and in many of the arts. 

19. All intoxicating liquors contain alcohol ; they are 
not condned to vegetable preparations, for the Tartars 
produce an intoxicating drink, termed koumiss, from mares’ 
milk, by the fermentation of the sugar of milk contained 
in it. 

Ex. a. — For the sake of experiment alcohol may be extracted from 
any fermented liquor, such as porter, ale, cyder, wine, &c. It is 
only sufficient to pul the liquid to be operated upon in a retort, and 
apply heat beneath. The spirit rises in steam, and this is condensed 
l)y cold. 

On a larger scale it is prepared by means of a still, as in fig. 82, 
on the opposite page, for a description of which see Chap, vi. § 10. 

20. The fermentation which produces alcohol is termed 
'Sinom (wine-making) fermentation, — if allowed to go on, 
however, it passes into the acetous (vinegar-making) fer- 
mentation. 

The «/cohol, by exposure to the air, is cfeAydrogenated 
—that is, deprived of hydrogen, becoming converted into 
water, and an intermediate substance termed Aldehyde, (a). 
This aldehyde rapidly absorbs oxygen from the air, and is 
•changed into acetic acid or vinegar (i). 

(fl.) CsHsO + 0 == C,H 40 + H,0. 

Alcohol. Aldehyde* 

(b.) C,H40 + 0 = C,H 40 ,. 

AldeUyd^^ ^cctic acid. 
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2U When alcohol is distilled ivith sulphuric acid a vola* 



tile, fragrant liquid passes over known ns Ether, or mlphn- 
ric ether, because obtained by the action of sulphuric acid, 

(Ml ) 

Sulphuric Ether, or Ethyl Ether, VO, is not ca- 
pable of dissolving so many substances as alcohol ; still, 
however, it is often found useful in separating or extracting 
principles that are insoluble in alcohol or water, more espe- 
cially in vegetable chemistry. It combines with ammonia, 
camphor, resins, volatile oils, sulphur, phosphorus, and 
chloride of gold, but has little or no action on the fixed 
alkalies, earths, common metallic oxides, and the greater 
number of the salts. 

22. Various compound ethers — such as hyponitrous 
ether, or eweet spirit of nitre^ &c., may be formed by the 
action of acids on alcohol, or by distilling a mixture of 
alcohol, sulphuric acid, and a salt containing the acid of 
the required ether. 
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23. Wlien hypochlorite of lime {bleaching powder)^ al* 
cohol, and water, are distilled together, a product comes 
over with the first portions of water, termed Chloroform, 
CH Clj. It is a dense, limpid fluid, half as heavy again ns 
water, and very volatile. Its vapor, when breathed, pro- 
duces temporary insensibility to pain; it is, therefore, 
often administered previous to the performance of surgical 
operations. 

24. It would not be advisable to enter more upon the 
chemistry of organic bodies ; the reactions that take place 
in the formation of ethers, &c. are somewhat intricate, and 
hardly fall within the range of an elementary work. We 
will, therefore, conclude what we have to say on the matter, 
by quoting from a French chemist the following contrast 
of the actions of animal and vegtable life : — 


The Vegetable 

Ta an apparatus of de- oxid- 
ation, 

DrsENGAOES oxygen, 

PnoDUCEfi the neutral nitro- 
genous bodies, sugar, 
starch, gum, fatty sub- 
stances, &c.. 

Decomposes carbonic acid, 
water, and ammoniacal 
salts. 


The Animal 

Is an apparatus of oxid- , 
ation, I 

Absobbs oxygen, ' 

Consumes the neutral nitro- 
genous bodies, sugar, 
starch, gum, fatty sub- ! 
stances, &c., | 

Peoduces carbonic acid, 
water, and ammoniacal 
salts. 


EXERCISES ON CHAPTER XXXV. 

1. What are alkaloids ? Name the most important of them. 

2. How may organic bodies be classed ? What are their charac- 

teristics as articles of food } 

3. What is the effect of an excess or deficiency of non-nitrogenous 

bodies in food ? 

4. Give the names and composition of the chief non-nitrogcnoua 

bodies. 

5. Whence is starch obtained ? 

0. Why has malt a sweet taste ? 



OBOA.N1C COMPOUNDS. 277 

7 Gift the names, composition, and origin of the principal va« 
rieties of sugar. 

8. What is lignine ? How may sugar be obtained from rags, 

sawdust, dec. V 

9. What is gun-cotton ? 

10. What is collodion ? 

1 1 . Name the chief neutral nitrogenous bodies. 

12. State the chief properties of albumen. 

W'hence is animal fibnne obtained.^ 

14. How may vegetable fibrine be prepared r 

15. What is caseine ? 

16. What is meant hy fermeniatitn f Give an illustration of it. 

17. How is alcohol obtained ? 

18. What are the properties and uses of alcohol ? 

19. What preparations contain alcohol ? 

20. How does wine become vinegar ? 

21. How is ether prepared, and what are its properties } 

22. How may the compound ethers be procured? 

2*^. How is chloroform obtained ? W’^hat are its properties ? 

24. Illustrate the opposing actions of animal and vegetable lifo» 



ADDENDUM. 

The Reaqirfcarbonate of ammonium, as given on page 210 , 
is somewhat anomalous in its composition, with an tUdi- 
tional atom of water it would be as regular as the corre- 
sponding sesquicarbonates of potassium and sodium ; 
thus : — 

Sesquicarbonate of Potassium K4H28CO8. 

„ „ Sodium Na4Hjt^C03. 

Vi M Ammonium (NH4)4H23COi. 
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SoMB ohemistfl hare adopted a different nomenclature for compound 
bodies from that used in the preceding pages, placing the metalUo, 
or y«flW*metallic, part of the compound first j thus : — 

Nitric acid becomes Hydrio Nitrate. 

Potass or Oxide of Potassium becomes Fotassio Oxide. 

Lime or Hydrate of Calcium becomes Calcic Hydrate. 
Proto-Sulphate of Iron becomes Perrons Sulphate. 

Nitrate of Copper becomes Copper or Caprk Nitrate. 

Acetate of Lead becomes Plumbic Acetate. 

Calomel, or Subchloride of Mercury becomes Mercurous Chloride. 
Corrosive sublimate or Chloride of Mercury becomes Merourie 
CMoride, 

Ac., Ac. 

The following tables contain the names and symbob of the prin- 
cipal Chemical compounds. 

I. Names and Symbols of the Peincipal Compounds of tub 
Metalloids. 


Water 

... H,0 

Nitric Oxide ... 

.. NO 

Nitrous Acid 

... HNO2 

Nitrous Anhydride 

.. IX, 0. 

Nitric Acid ... 

... HNO. 

Hyponitric Anhydride 

.. NO, 

Sulphurous Acid 

... H,SO, 

Nitric Anhydride 

N, 0 .. 

Sulphuric Acid 

.. H 2 S 04 

Carbonic Oxide 

.. CO 

HTdrochloric Acid 

HCl 

Carbonic Anhydride 

.. co^ 

Carbonic Acid (aqueous) UfOUs 

Sulphuric Anhydride 

.. SOs 

Phosphoric Acid 

... H3PO, 

Marah Oas 

.. CR, 

Boracic Acid 

... h,bo. 

Olefiant Gas 

.. C3U4 

Silicic Acid . . . 

... H^SiO^ 

Ammonia (gaseous) 

.. NE3 

Chromic Acid 

H^CrO^ 

Phosphoric Anhydride 

.. PA 

Arsenious Acid 

... H3ASO3 

Sulphuretted Hydrogen. 

Arsenic Acid 

... H,,As 04 

Phosphuretted Hydrogen H3P 

Oxalic Acid ... 

... H„C,04 

Alcohol 

i®"lo 

Acetic Acid . . . 

... 

(H ) 

Tartaric Acid 
Nitrous Oxide 

... H,,C.H .06 

... 

Ether 

{cSl® 
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ir. Names, Synoktmeb akd Symbols op some op the ooj 
MOKEB Salts. 

OaBstio Potaih ... Hvdrate of Potassium ... KHO 

Salt-petrs Nitrate of Potassium ... KNO» 

Chalk Carbonate of Calcium ... CaCOg 

Qniok-lime Oxide of Calcium CaO 

81 aked-liniP..« ... Hydrate of Calcium ... CaH,Ot 

Oypfnai Sulphate of Calcium ... CaS04 

A i n moni a (liquid) ... Hydrate of Ammonium ... (NHJHO 
Sal-anummiaft ... Chloride of Ammonium ... (NH4)C1 

Epsom salts Sulphate of Magnesium ... MgSO« 

Alum Sulphate of Aluminum and 

Potassium AIK2SO4 

Sea-salt Chloride of Sodium ... NaCl 

Green Vitriol ... Sulphate of Iron ... ... FeSO, 

Blue Vitriol ... Sulphate of Copper ... CuSO^ 

White Vitriol ... Sulphate of Zinc ZtiSO^ 

Sugar of LeaA ... Acetate of Lead Pb (CzHjO*)! 

White Lead Carbonate of Load PbCOa 

Lunar Caustic ... Nitrate of Silver AgNOa 

Corrosiye Sublimate Chloride of Mercury . . . HgCl* 

Calomel Sub-chloride of Mercury ... HgCl 

Tartar-emetio ...Tartrate of Antimony and 

Potassium K,SbO,(C4H4C 

Cream of Tartar ... Acid-tartrate of Potassium . KH(C4H406) 
Prussian Blue ... Ferro-cyanide of Iron ... Fe4,3(FeCy4> 
Emerald Green . . . Arsenite of Copper . . . CuIIAsOs 
Vermilion ... . . . Sulphuret of Mercury ... HgS 


HI. Foiimulm OP Salts of Elkmexts of oiffeeent Atomi- 
cities. 



Monatomic. 

Diatomic. 

Tdatomic. 

Tetratoinii 

Chlorides .... 

KCl 

CaCl, 

SbCU 

SnCU 

Oxides 

K,0 

CaO 

Sb,0, 

SnO? 

Hydrates 

KHO 

CaHjOa 

AlHO, 

SiiH^O, 

Nitrates 

KNO, 

Cu2NO, 

BiSNOa 


Sulphates 

KaS04 

CuSO* 

! Al,3SO, 

M 2 SO 4 

Phosi^tes 

Na3P04 

Cas2P04 

! 3 /PO 4 

J/ 34 PO 4 

Carbonates 

K,CO, 

1 CaCO, 

. il/,3C03 

Af2CO, 


The formula of tlie Iodides, Bromides, and Fluorides are an. 
lo^es to the Chlorides. 

The formula of the Nitrates, Sulphates, and Phosphates illustrat 
respeotipely the salts formed by monobasic, dibasic and tri basic acich 
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lY. Examples op Chemical Calculations. 


much Chlorate of Potassium will be required to make 2 
IjOf Oxygen at the ordinary temperature oud pressure? 

^IS 122J grains of Chlorate yield 48 grains of Oxygen, 
in grains of Oxygen = 4()| cubic inches. 

277i cubic inches = 1 gallon. 

2 gallons from gr-ains of Clilorate ? 


•7 

W) 1109 !i^ 1 » 7703 

- X * r = "16 

4 


,What weight and volume of Hydrogen can be obtained by the 
' ol dilute Sulpuui-ic Acid on an ounce of Zme? 

If G5.2 grs. z'nc yield 2 grs. Hydrogen 
a* grs. UydA>gjn from 437.5 grs. Zinc? 


437 i 


05.2 


875 

05.2 


= 13.42 grains {weight). 


,^n, 13.42 X 40.6 = 025.372 cub. in. = 2.25 galls, {volume). 


What weight of marble when acted on by Hydrochloiio acid 
yield a cubic foot of Carbonic acid gas ? 

jv 100 grs. Marble yield 44 grs. Curb. Acid gas. 

C 44 grs. C. A. gas = 93.3 cub. inches. 

1728 cub. inches = a; grs. of marble P 

f 676 

* . = - W xlO £76^ _ 52 

J 8U 

^ 811 
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r. Table op Speoipio Gbavity op Gases and Vapop 
Air == l.OCO. 


Hydrogen ... 0.069 

Maruh Gas ... ... 0.657 

Ammonia 0.59 

Steam ... 0.62 

Carbonic Oxide 0.967 

Nitrogen 0.972 

Olefiant Gas ... ... 0.978 

Nitric Undo ... ...1.04 

Oxygen 1.105 

Phosphuretted Hydrogen 1.185 
Sulphuretted Hydrogen 1.191 


Hydrochloric acid Gas . 
Nitrous Oxide ... 
Carbonic Acid Gas 
Sulphur (vapour of) 
Sulphurous Acid Gas . 
Chlorine... 

Phosphorus (vapour of) 
Bromine.., 

Mercury... 

Iodine ... ... 

Arsenic 


SBl*. 
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